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FETAL BLOOD STUDIES 


VIII. Some OBSERVATIONS ON THE TRANSIENT FETAL BRADYCARDIA 
ACCOMPANYING UTERINE CONTRACTIONS IN THE HUMAN! 


HARRY PRYSTOWSKY 
Department of Obstetrics, The Johns Hopkins University School of Medicine and Hospital 
Received for publication September 5, 1957 
A. INTRODUCTION 


In 1822 Legumeau (1) first observed that during labor pains the fetal heart 
beat not only became slower but also was of lower intensity of sound. There- 
after, many opinions were expressed relative to the etiological factors involved, 
and Preyer (2) in 1885 presented a discussion of the various theories advanced 
to explain this phenomenon. As years have elapsed two opposing schools of 
thought have developed concerning the basic mechanism responsible for this 
transient bradycardia. At one time compression of the fetal skull with resultant 
increased intracranial pressure was considered to be the most likely explana- 
tion. This concept, however, has fallen into disfavor. Today the opinion most 
widely held is that there is a transient hyperactivity of the vagus nerve brought 
about by a reduced oxygenation of the fetal blood perfusing the medullary 
center. This current view is based upon the concept that maternal blood is 
pushed out of the intervillous space into the general circulation at the height 
of a contraction, the assumption being made that the intra-amniotic fluid 
pressure is higher than the pressure in the intervillous space. Hence, this 
channel, which contains the maternal blood that bathes the fetal villus and 
serves as a source of oxygen to the fetus in ulero, is either empty or is relatively 
bloodless. Accordingly, the partial pressure of oxygen of blood in the inter- 
villous space is lowered; the oxygenation of fetal blood flowing to the vagal 
center is decreased; the medullary center is stimulated; and the fetal heart 
slows. With the cessation of the contraction adequately oxygenated maternal 
blood flows into the intervillous space, normal oxygen relationships between 
mother and fetus exist, oxygenation of fetal blood perfusing the medullary 
center increases, and the fetal heart beat returns to normal. 

During the course of experiments designed to estimate the mean difference 
in the partial pressure of oxygen between the maternal and fetal circulations 
in the human, some interesting data on oxygen gradient and fetal heart rate 
were accumulated that prompted a re-investigation of this problem. The 
observations are herein recorded. 


' This investigation was supported in part by research grant, H-2885, U. S. P. H. S 
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TABLE I 
Relationship Between Oxygen Gradient and Fetal Heart Rate 
Case Type Pregnancy Gradient Fetal Heart 
mm. Hg 
2 Normal 17.7 Normal 
4 Normal 15.6 Normal 
5 Normal 18.3 Below 100 
6 Normal 14.3 Normal 
10 Normal 33.0 Normal 
12 Normal 27.0 Normal 
13 Normal 15.1 Normal 
21 Normal | 20.4 Normal 
1 Abnormal | 9.4 Normal 
9 Abnormal 0.8 Normal 
11 Abnormal 1.9 Normal 
15 Abnormal 3.8 Normal 
16 Abnormal es P| Normal 
22 Abnormal 6.9 100 
3 Prophylactic oxygen 35.6 Normal 
7 Prophylactic oxygen 44.0 Normal 
8 Prophylactic oxygen 23.5 Normal 
14 Prophylactic oxygen 32.0 100 
17 Prophylactic oxygen 40.9 Normal 
18 Prophylactic oxygen 30.0 Normal 


B. MATERIAL AND METHODS 


The observations in this study were made on parturients and infants delivered on the 
obstetrical service of the Johns Hopkins Hospital. In twenty patients an attempt was made 
to correlate fetal heart rate and the mean difference in oxygen pressure between the maternal 
and fetal circulations. Studies were done at the time of vaginal delivery and cesarean sec- 
tion. As noted in Table I, clinically normal and abnormal subjects were evaluated as well 
as a group who received oxygen per mask five to ten minutes before delivery. The fetal 
heart beat was determined by auscultation and recorded. The oxygen content, oxygen 
capacity, and percentage saturation were determined on samples of blood obtained from 
the intervillous space, umbilical vein, and umbilical artery. Oxygen analyses were carried 
out in duplicate by the method of Van Slyke and Neill (3). The percentage saturation was 
referred to a dissociation curve (4) and the pO, in each sample was estimated. The oxygen 
gradient was estimated in the manner previously reported (5). 

In four patients who were in active labor a #20 gauge needle, attached to an oiled and 
heparinized syringe was inserted through the anterior uterine wall at the height of a con- 
traction. The site of insertion was just inferior and to the right of the umbilicus. The par- 
turients had been previously catheterized, and the vertex was on the perineum. The volume 
of blood collected from the intervillous space was recorded; the oxygen content, oxygen 
capacity, per cent saturation, and pO» were determined using the same procedure outlined 
in the preceding paragraph. In five individuals the same experiment was performed while 
the uterus was at rest (Table II). 

In twelve subjects the pressure in the amniotic sac and/or intervillous space was deter- 
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TABLE II 


Relationship Between Uterine Status, Oxygen Saturation and pO. of Blood in the Intervillous Space 


Case % Saturation pO» 


A. Uterus at rest 


mm. 1g 

2 54.7 27.8 

5 44.6 24.0 

6 51.8 26.5 

12 85.7 48.0 

13 76.5 40.1 

Average 62.6 33.2 


B. Uterus contracted 


4 53.5 27.8 
10 96.8 72.0 
11* 21.7 15.8 
21 67.4 34.0 
Average 72.5 44.6 


* Not included in calculation for case of marginal sinus rupture. See explanation in text. 


mined. The data were obtained on individuals in labor, between and at the height of a 
uterine contraction, and at the time of elective cesarean section (no labor). Following the 
anterior uterine wall puncture, the collecting syringe was removed and the needle was 
attached to a spinal manometer which had been previously filled with saline. A total of 23 
observations were recorded (Tables III and IV). 

In an attempt to evaluate the effect of increased intracranial pressure on the fetal heart 
rate, manual pressure was exerted on the skull of five normal newborn infants soon after 
delivery. Simultaneously, the heart beat was recorded (auscultatory); the findings are shown 
in Chart I. 

C. RESULTS 

(a) Comparison between oxygen gradient and fetal heart rate. As indicated in 
Table I, in the twenty patients studied there was no absolute correlation 
between the gradient and the fetal heart beat. In the six patients with pre- 
sumably reduced oxygen transfer (labeled as “‘abnormal’”’) the fetal heart was 
normal except in one. In the remaining fourteen subjects (labeled as ‘‘normal”’ 
and “prophylactic oxygen’’) the fetal heart was normal in twelve, and in two 
the rate was 100. Of particular interest is the individual (Case 14) with ful- 
minating preeclampsia who was given prophylactic oxygen because of un- 
explained fetal bradycardia; the percentage saturations of the intervillous 
space sample and umbilical vein were 94 and 76 per cent, respectively. In 
our experience such values represent adequate oxygen transfer, and yet the 
fetal heart rate was 100. 
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TABLE III 


Data Obtained on Amniotic Fluid Pressure 


Patient Anesthesia 
A. Resting uterus 
L. B. None 
G. K. None 
E..J GOE 
M. L. None 
E. J. Local 
5; & Local 
¥. .P. None 
eG, <. Local 
B. Contracting uterus 
me 3 None 
G. K. None 
M. L. None 
5; & Local 
7. ©. None 
S < Local 


TABLE IV 


Stage of Labor 


First 
Second 
None 
Second 
None 
First 
First 
First 


First 
Second 
Second 
First 
First 
First 


Data Obtained on Intervillous Space Pressure 


Patient 


Anesthesia 


A. Resting Uterus 


None 
GOE 
None 
Local 


B. Contracting Uterus 


None 
None 
None 
None 
None 


Stage of Labor 


Second 
None 
Second 
None 


Second 
Second 
Second 
Second 
Second 
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RELATIONSHIP BETWEEN COMPRESSION OF NEWBORN SKULL AND FETAL HEART RATE 
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(b) Characteristics of intervillous blood collected at the height of a contraction. 
Blood was obtained from the intervillous space. The amounts varied from 6.5 
to 16.0 ml.; the usual quantity collected with the uterus at rest was approxi- 
mately 3.0 ml. The partial pressure of oxygen and percentage saturation of 
these samples are shown in Table II. If Case 11 be excluded (the reduced 
saturation and pO, are the result of the complication per se and bear no rela- 
tionship to uterine status (5), the average saturation was 72 per cent and the 
pO». equaled 44.0 mm. Hg. In five “normal” patients in whom intervillous 
blood was obtained from a relaxed uterus, the corresponding figures were 
62 per cent and 33.0 mm. Hg, respectively. 

(c) Relationship between pressures in the intervillous space and amniotic 
fluid. Although the experimental data on this aspect of the problem are meager, 
the 23 determinations made thus far are of sufficient interest to warrant 
mention. As shown in Tables III and IV the pressures in the intervillous space 
and amniotic fluid sac were very similar, 9.8 and 7.4 mm. Hg, respectively, 
when the uterus was at rest. At the height of a contraction, however, no such 
relationship was found. The amniotic fluid pressure was not higher than the 
intervillous; in fact, the opposite relationship was found to exist. In five 
subjects the intervillous pressure at the height of a contraction averaged 
38 mm. Hg. In contrast, in the six intra-amniotic pressures obtained during a 
pain the average pressure was only 20 mm. Hg. 

(d) Pressure on fetal skull and its effect on fetal heart rate. As shown in Chart 
I, in three of the infants the rate dropped to 100 or below; in two, the lowest 
reading obtained was 120; an initial tachycardia preceding the bradycardia 
was observed only once. Associated with the slowing was an occasional irreg- 
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ularity and/or muffling of the heart sounds. With release of pressure the 
heart rate immediately returned to or exceeded the “control” level. An attempt 
was made to simulate labor by repeatedly exerting and releasing pressure on the 
skull (Case 2); these manipulations were accompanied by a bradycardia and 
a subsequent return to normal, respectively. During the experiments which 
lasted from two to seven minutes, the infants were active, cried and there was 
no evidence of cyanosis or respiratory embarrassment. 


D. DISCUSSION 


It is an accepted teaching that auscultation of the fetal heart sound is the 
most reliable method of determining the condition of the fetus during labor. 
This procedure, therefore, has constituted one of the most important parts of 
the conduct of the first and second stages. Experiments designed to under- 
stand the basic mechanism involved in the alterations of the fetal heart are 
not only fundamental but also practical. 

The ability to obtain blood from the intervillous space at the height of a 
uterine contraction is at variance with the concept that this channel is emptied 
at this time. The increased volume of blood collected and the pressure measure- 
ments suggest the possibility that this vessel is in fact distended at the height 
of a contraction. The old idea that contractions squeeze the placenta like a 
sponge overlooks the fact that the very first thing those contractions may do 
is to occlude maternal veins. Finally, the data clearly show that the per- 
centage saturation and partial pressure of oxygen of the blood in the inter- 
villous space is not reduced when the uterus contracts. Previous ideas which 
were reflected in such vague statements as “low oxygen supply” and “fetus 
without benefit of gas exchange” are now open to question. 

It would seem that fetal bradycardia is a result of vagal stimulation. This 
vagal effect conceivably appears to be elicited by two main mechanisms: 
(a) a decreased oxygenation of the blood flowing to the medulla; (b) a reduced 
perfusion of the medulla. In this series of experiments there was no suggestion 
that oxygenation was reduced. Hence, it would seem that the commonly 
observed slowing of the fetal heart at the height of a uterine contraction is 
related to increased intracranial pressure and resultant impaired medullary 
blood flow. 

Although the purpose of this report was to deal primarily with the transient 
bradycardia phenomenon, experiments designed to correlate oxygen gradients 
and the fetal heart rate between contractions are worthy of mention. It was 
found that there is no absolute correlation, that is, with a low gradient, there 
may be a normal fetal heart; on the other hand, there may be a bradycardia 
in the presence of presumably normal oxygen transfer. These findings fit in 
well with clinical experience, for the fetal heart does show occasional vagaries 
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in behavior and has misled obstetricians both in the direction of optimism and 
pessimism. 
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EFFECTS OF SERUM UPON THE IMMUNO-CHEMICAL 
PROPERTIES OF A BACTERIAL ENDOTOXIN! 


LEIGHTON E. CLUFF 
Departmeni of Medicine, The Johns Hopkins University School of Medicine 
and the Johns Hopkins Hospital 


Received for publication September 10, 1957 


In a previous publication the various effects of normal serum upon the febrile 
response of rabbits to bacterial endotoxin were described (1). It was shown 
that contact of normal serum with endotoxin for a short period of time at 37°C. 
results in augmentation of the toxin’s pyrogenic action. The property respon- 
sible for this effect of serum is heat stable, does not disappear on storage, and 
increasing the volume of serum in contact with a constant amount of endotoxin 
affects the toxin’s pyrogenicity in a stoichiometric fashion. This interaction of 
serum with endotoxin does not appear to be enzymatic or related to the proper- 
din system, but may be attributable to conjugation or combination of toxin 
with a component of serum (1). Furthermore, it is possible that endotoxin 
combines or interacts with serum in vivo much the same as in vitro, and this 
may represent an important mechanism in the pyrogen’s biological effects. 

A purified endotoxin from Shigella flexneri has been described (2), illustrating 
its electrophoretic, chemical, immunological and pyrogenic properties. In 
addition, it has been shown that contact with normal serum alters the diffusion 
and precipitation-in-gel of the endotoxin (3). Beta globulin may be responsible 
for these effects of serum on endotoxin. 

This report describes further studies of the action of serum on endotoxin. 


MATERIALS AND METHODS 


Bacterial endotoxin. A purified endotoxin obtained from Shigella flexneri was used in 
these experiments (2). A purified endotoxin from Serratia marcescens (P-35) was kindly sup- 
plied by Dr. M. J. Shear (National Cancer Institute, Bethesda). 

Normal rabbit serum. Rabbits of mixed breed and color weighing approximately 3000 gm. 
were bled by cardiac puncture, using sterile precautions, into pyrogen free 50 ml. tubes. 
The serum was separated after clotting, pooled, and stored at 4°C., after addition ‘of merthi- 
olate to a final concentration of 1:10,000. 

Tolerant rabbit serum. Rabbits were given 10 mcgm. of P-35 intravenously daily for 2 
weeks. The day following the last injection the rabbits were exsanguinated by cardiac punc- 
ture, as described above, and the serum was pooled. 

Measurement of temperature. The febrile response of animals was measured by resistance 
coils inserted into the rectum, and recorded by a Telethermometer every 30 minutes for 
1 hour before inoculation of endotoxin and for 5 hours thereafter, as described in previous 
publications (1, 3). 











1 This study was supported by Contract No. DA18-064-404-CML-100 with the Army 
Chemical Corps, Fort Detrick, Maryland. 
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Electrophoresis. Zone electrophoresis in a starch medium was performed by the method 
of Kunkel and Slater (4), using barbital buffer at pH 8.6 and ionic strength 0.1. 

Preparation of rabbit antiserum. Rabbits were given 25 mcgm. of Shigella endotoxin intra- 
venously every day for the first 4 days of each week for 3 weeks. Seven days after the last 
injection they were exsanguinated by cardiac puncture and the serum pooled, stored at 
4°C. and preserved with 1:10,000 merthiolate. An aliquot of the antiserum was fraction- 
ated by zone electrophoresis in starch, and the antibody containing fractions were detected 
by qualitative precipitin analysis with 0.5 mg./ml. endotoxin solution. The eluates contain- 
ing precipitin (gamma globulin) were pooled and concentrated by dialysis against 6 per 
cent Dextran at 4°C. 

Preparation of tolerant rabbits. Normal rabbits were made tolerant to the pyrogenic action 
of 1.0 mcgm. Shigella endotoxin by daily intravenous inoculation for 2 to 3 weeks. Develop- 
ment of tolerance was confirmed by measurement of temperature responses on the first and 
last day of injection. 

Precipitin analysis. Qualitative detection of precipitin or antigen was done with a “ring 
test” or capillary precipitin test. Quantitative precipitin analysis was performed in duplicate 
by the technique described previously (2), using, as a rule, a reaction volume of 1.0 ml. Pro- 
tein content of precipitates was determined after dissolving them in 0.1 N NaOH. In addi- 
tion, some analyses were performed on precipitates dissolved in 0.25 per cent acetic acid, 
and protein determined by ultraviolet absorption in the Beckman spectrophotometer. 

Chemical determinations. Methyl pentose was measured by the method of Dische and 
Shettles (5). Protein was determined by a modification of the Folin-Ciocalteu method (6). 
Phosphorus was estimated by a modification of the method of Steward and Hendry (7). 

Precipitation-in-gel. The method of Ouchterlony was used for study of precipitation-in- 
gel, in the same way as described in a previous publication (2). 


EXPERIMENTAL RESULTS 


Normal and tolerant rabbit serum changes the diffusion of endotoxin in 
agar (3). In addition, the pyrogenic property of endotoxin is not heat stable 
in the presence of normal serum whereas it is in saline (8). To study the effect 
of normal and tolerant rabbit serum upon the electrophoretic properties of 
endotoxin the following experiments were performed. 

Twenty-five mg. Shigella endotoxin were dissolved in 2 ml. of normal or 
tolerant rabbit serum. As control, 2 ml. of buffer were added to 2 ml. of normal 
serum, and to 2 ml. of tolerant serum; twenty-five mg. of endotoxin were 
dissolved in 2 ml. of buffer without addition of serum. These mixtures were 
incubated at 37°C. for zone electrophoresis, with 450 volts, 50 ma. and for 
18 hours at 4°C. One cm. sections of each block were cut after completion of 
the electrophoresis. Each section was mixed thoroughly with 1.0 ml. of 0.85 
per cent NaCl for elution. This experiment was repeated several times, and 
with 12 mg. rather than 25 mg. of endotoxin. 

Figure 1 illustrates a comparative analysis of the electrophoresis of normal 
serum in buffer and normal serum mixed with endotoxin. Figure 2 compares 
toxin mixed with buffer, and toxin mixed with normal rabbit serum. There 
were no apparent alterations of the electrophoretic characteristics of normal 
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Fic. 1. Zone electrophoresis of normal rabbit serum (NRS) and Shigella endotoxin 
mixed with normal rabbit serum for 30 minutes at 37°C. 


serum or endotoxin when the 2 were mixed and incubated for a short period 
of time. Similarly, there were no alterations of the electrophoretic characteris- 
tics of tolerant serum or endotoxin. 

Beta globulin of normal rabbit serum may be responsible for affecting the 
diffusion properties of endotoxin (3). To determine if this fraction would alter 
the electrophoretic characteristics of Shigella endotoxin the following experi- 
ments were done. 

Beta globulin was fractionated from 10 ml. of normal rabbit serum by zone 
electrophoresis on starch, and concentrated by dialysis against 6 per cent 
Dextran. Twelve mg. of endotoxin were added to 3 ml. of the beta globulin 
and incubated for 1 hour at 37°C. Twelve mg. of endotoxin was also incubated 
with 3 ml. of saline as control. These mixtures were added to separate starch 
blocks for electrophoresis. 

Figure 3 shows that there was no alteration of the electrophoretic pattern 
of endotoxin or beta globulin when mixed together. 

If a component of serum conjugates with endotoxin to change the toxin’s 
biological properties an alteration in the ultraviolet absorption spectrum of 
the endotoxin might be expected. For this reason, the following experiments 
were performed. 

Shigella endotoxin was dissolved in 0.85 per cent NaCl to a concentration of 
0.5 mg./ml. Normal rabbit serum was fractionated by zone electrophoresis on 
starch. The resulting serum protein components were concentrated by dialysis 
at 4°C. against 6 per cent Dextran. Two ml. of the endotoxin were added to 2 
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Fic. 3. Zone electrophoresis of Shigella endotoxin and endotoxin mixed with beta globu- 
lin for 30 minutes at 37°C. 


ml. of the serum protein fractions and to 2 ml. of saline. These mixtures were 
incubated at 37°C. for 30 minutes and their optical densities were read at 260 
to 300 A° in a Beckman UV. spectrophotometer. The absorption curves were 
plotted and compared. 
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Fic. 4. Ultraviolet absorption spectra of rabbit serum beta globulin and Shigella endo- 
toxin (0.5 mg./ml.) alone and when mixed together at 37°C. for 30 minutes. Predicted: The 
ultraviolet absorption curve if the protein and endotoxin produce an additive effect. Ob- 
tained: The ultraviolet absorption curve measured when toxin and protein were mixed. 





Figures 4 and 5 illustrate the absorption spectra of endotoxin mixed with 
serum protein fractions compared with the expected findings if there were only 
an additive effect of the two materials in each mixture. There was no alteration 
of the ultraviolet absorption of endotoxin or the serum protein fraction in the 
mixtures. 

Conjugation of a serum protein with endotoxin may occur, but the quantity 
of protein involved might be so small as to be undetectable by the techniques 
thus far described. Therefore, resort was made to quantitative precipitin analy- 
sis in the following experiment. 

Dilutions of Shigella endotoxin were prepared in quadruplicate in 0.85 per 
cent NaCl to obtain final concentrations of 0.025, 0.05, 0.1, 0.4 and 1.0 mg./ml. 
Duplicate antigen dilutions were mixed with equal volumes of normal rabbit 
serum. The remaining duplicate set of antigen dilutions was mixed with equal 
volumes of 0.85 per cent NaCl. After incubation of the mixtures containing 
antigen in saline or in serum for 30 minutes at 37°C., 1.0 ml. of the concentrated 
antibody-containing fraction was added to each. They were agitated at 37°C. 
for 1 hour then kept at 4°C. for 24 hours. The centrifuged precipitates were 
washed 3 times with 0.85 per cent NaCl at 4°C., dissolved in 0.1 N NaOH 
and analyzed for protein content. A similar experiment was performed using 
serum from rabbits tolerant to P-35 toxin rather than normal rabbit serum. 








ndo- 
The 


vith 
nly 
tion 
the 


tity 
ues 
ily - 


per 
ml. 
ybit 
ual 
ing 
ted 
7. 


ere 
OH 
ing 





EFFECTS OF SERUM 


T 
T 


| 
a 
| 
a 


OEns 
uw 
2. 






CAL 
° 
o 


\ & PREDICTED 
N @ OBTAINED 


~» Fe 
Qa o6 + By 
ALBUMIN + TOXIN 
o 5 2 ALBUMIN + TOXIN 
05} 
04 
Os 


‘\Qe ALPHA GLOBULIN + TOXIN 

o2 + \B ALPHA GLOBULIN + TOXIN 
GAMMA GLOBULIN + TOXIN 
GAMMA GLOBULIN + TOXIN 





° l | | 
260 270 280 290 300 


WAVE LENGTH (my.) 





Fic. 5. Ultraviolet absorption spectra of rabbit serum albumin, alpha and gamma glo- 
bulin mixed with Shigella endotoxin (0.5 mg./ml.) and incubated at 37°C. for 30 minutes. 
Predicted: The ultraviolet absorption curve if the protein and endotoxin produce an additive 
effect. Obtained: The ultraviolet absorption curve measured when toxin and protein were 
mixed. 


The results of these experiments are illustrated in Figure 6. There was no 
detectable co-precipitation of protein from normal or tolerant rabbit serum with 
endotoxin. These findings suggest no conjugation of serum protein and endo- 
toxin. 

Previous investigations (2) have shown that lecithinase alters the electro- 
phoretic pattern of Shigella endotoxin. Furthermore, cholesterol, lecithin and 
normal serum were shown by Neter ef al. (9) to influence the antibody aggluti- 
nation of erythrocytes to which endotoxin had been adsorbed. Therefore, 
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Fic. 6. Quantitative precipitin analysis of Shigella endotoxin mixed with 0.85 per cent 
NaCl, normal rabbit serum and serum from rabbits tolerant to P-35 toxin. Mixtures incu- 
bated at 37°C. for 30 minutes before addition of antiserum. 


studies were undertaken to determine if the addition of lecithin to endotoxin 
would change the diffusion of endotoxin in agar. The precipitation patterns of 
Shigella endotoxin in contact with 1.0 mg. purified beef-heart lecithin in 20 
per cent ethanol was the same as that of endotoxin in saline using the Ouchter- 
lony method of precipitation-in-gel. 

In a previous report (3) it was suggested that the effect of normal serum on 
the precipitation-in-gel of Shigella endotoxin probably was not attributable 
to properdin. To confirm this, a similar analysis was performed using normal 
rabbit serum twice absorbed with zymosan to render the serum properdin 
deficient. It was found that properdin-depleted serum influenced the precipi- 
tation-in-gel reaction of the toxin in the same way as untreated normal serum. 


DISCUSSION 


Previous investigations have shown that the properdin system is one com- 
ponent of serum which affects the biological action of endotoxin, reducing its 
pyrogenic action and changing its physico-chemical properties (1, 10). Hege- 
mann (10) has defined this effect of the properdin system as enzymatic. Re- 
cently, Stauch and Johnson (11) have found that prolonged contact of endo- 
toxin with properdin-deficient normal rabbit and human serum at 37°C. results 
in a reduction of antibody precipitable material, but the relation of this effect 
to the biological activity of endotoxin is not known. It was shown by Stauch 
and Johnson (11) that treatment of serum with versene, resin or zymosan 
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resulted in no diminution of the ability of serum to decrease the antibody 
precipitability of endotoxin, although heating the serum at 55°C. reduced this 
effect of serum on the toxin. Of additional interest was the finding by Stauch 
and Johnson that serum from rabbits tolerant to a heterologous endotoxin 
does not affect the precipitation of toxin with antibody. These actions of normal 
serum on endotoxin are dependent upon prolonged contact at 37°C. Therefore, 
they may have little or no relationship to the property of normal serum which 
enhances endotoxin fever after short periods of contact at 37°C. or 4°C. (1). 

The studies in this report were primarily directed towards an analysis of the 
action of normal serum in enhancing endotoxin fever after a short period of 
contact. This action of serum is not dependent upon properdin, is heat stable, 
and is not present in the serum from tolerant rabbits. 

The evidence presented reveals no effect on the electrophoretic properties 
of an endotoxin from Shigella flexneri by normal serum. There is no apparent 
conjugation or combination of endotoxin with a serum protein which might 
be detected by co-precipitation with antibody or change in ultraviolet absorp- 
tion spectra. 

The diffusion in agar of endotoxin is altered by normal serum (3). Endotoxin 
is a protein-lipo-polysaccharide complex and its physical state might be altered 
by a “lipid-carrier’’ without conjugation. It has been shown that cholesterol, 
lecithin and normal serum do affect certain immunological properties of endo- 
toxin (9), although lecithin does not alter the pyrogenic action of the toxin 

The mechanism of development of pyrogen tolerance induced by repeated 
inoculation of endotoxin is unknown. The inability of tolerant rabbit serum to 
enhance endotoxin fever, however, may play a role in this phenomenon. 

From these studies it seems reasonable to propose that the augmentation of 
endotoxin fever by normal serum is not attributable to conjugation of toxin 
with a serum constituent, nor is it associated with an apparent alteration in 
the electrophoretic properties of endotoxin. The alteration of the diffusion of 
endotoxin in agar by normal serum may be unrelated to the augmenting effect 
on pyrogen fever. This is suggested by the observation that tolerant serum 
affects the toxin’s diffusion properties but does not enhance fever (3). How- 
ever, the presence of an inhibitor in tolerant serum which suppresses the pyro- 
genic action but not the diffusion or immunological properties of endotoxin is 
not ruled out. 

SUMMARY 

Experiments are described which were performed to examine the effects of 
normal and tolerant rabbit serum upon the electrophoretic, immunological 
and ultraviolet absorption properties of endotoxin. Normal serum in contact 
with endotoxin for a short period of time before inoculation augments the 
pyrogenic action of the toxin; however, this was not associated with changes in 
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the immuno-chemical properties of the serum or endotoxin. The possibility 
that endotoxin combines or conjugates with a serum protein constituent in 
enhancement of fever seems incompatible with these observations. It is sug- 
gested that alteration of the physical properties of endotoxin by serum without 
combination to protein may be responsible for the potentiation of fever by 
normal serum. 
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In 1949 Sibley and Lehninger (1) discovered that the concentration of 
aldolase was extraordinarily high in serum of patients with progressive muscular 
dystrophy. In 1954 Dreyfus, Schapira and Schapira (2) found that, in patients 
with progressive muscular dystrophy, muscle aldolase was reduced either per 
unit wet weight of muscle or per unit of muscle non-collagen nitrogen. Taken 
together these observations suggest that in progressive muscular dystrophy 
skeletal muscle is unusually permeable, for the extra aldolase in serum must 
be assumed to have come from muscle. Direct tests of permeability of human 
muscle to aldolase have not been designed but with the timely arrival of a 
mutant strain of mice identified by Michelson, Russell and Harman (3) as 
having an heritable muscular dystrophy it became possible to examine permea- 
bility of dystrophic muscle to aldolase. 

The enzyme aldolase, molecular weight probably approximately 150,000, 
moves into the bathing solution from excised rat skeletal muscle, either from 
segments of diaphragm (4, 5) or from peroneus longus, a muscle in which no 
fibers are transected (6). It is assumed that aldolase moves out of muscle 
simply by diffusion. Changes in the rate at which aldolase diffuses from muscle 
are interpreted as the result of changes in membrane permeability. 


MATERIAL AND METHODS 


Muscular dystrophy is inherited in mice as a recessive (3). Twelve pairs of mice, one of 
each pair having muscular dystrophy, genetically dydy, the other clinically normal, Dydy- 
age six to eight weeks, were obtained from the Jackson Memorial Laboratory. Four dys- 
trophic mice died before they could be studied. 

Mice were fasted overnight, anesthetized by intraperitoneal injection of sodium pento- 
barbital, both musculi peronei longi dissected free and removed by section of tendons, 
weighed rapidly on a torsion balance and immediately placed in 3 ml of chilled solution in 
conventional Warburg respirometer vessels. When muscles from both control and dystrophic 
mice of a pair had been placed in vessels (sequence of dissection was randomized), flasks 
were placed in a water bath at 37°C, gassed with 95 per cent Oz, 5 per cent CO:, shaken 





! These studies were aided by a contract between the Office of Naval Research, Depart- 
ment of the Navy and The Johns Hopkins University (NR 113-241) and by a grant-in-aid 
from the Muscular Dystrophy Associations of America, Inc. 

Reproduction in whole or in part is permitted for any purpose of the United States Gov- 
ernment. 
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continuously and incubated for two hours. Immediately after incubation muscles were re- 
moved from solution and homogenized in distilled water in Potter-Elvehjem homogenizers 
held at 4°C. Homogenates and solutions in respirometer vessels were analyzed promptly 
for aldolase by the method of Sibley and Lehninger (7). Aldolase in bathing solutions (efflu- 
ent aldolase) is expressed as per cent of total aldolse (effluent aldolase plus homogenate 
aldolase). 


The bathing solution (Krebs-Ringer-glucose-bicarbonate) had the following final com- § 
position (mM//I except when indicated otherwise): NaCl, 117; KCl, 3.5; CaCl, 2.5; KH»PO,, 
1.2; MgSO,, 1.2; NaHCOs, 28; glucose 11; pH 7.4. 


RESULTS 


Effluent aldolase was greater from dystrophic muscles of six of eight pairs 
of mice (Table I). On the average aldolase efflux from dystrophic muscle was 
about 60 per cent greater than from normal muscle, a difference probably 
significant by t-test (P < 0.05). Perhaps coincidentally, dystrophic muscles 
from which aldolase efflux was less than from controls were from mice with 7 
the most severe dystrophy; both mice weighed less than half as much as their © 
controls. 

Observations were made on total aldolase and aldolase efflux from 15 dystro- 
phic and 15 normal muscles; one muscle in each group of eight mice was torn 
during dissection and discarded. Mean effluent aldolase from 15 control 
muscles was 1.9 + 0.4 (SEM) per cent in two hours; from 15 dystrophic 
muscles, 3.7 + 0.7 per cent. The difference, 1.8 + 0.78 per cent, was probably 
significant (P < 0.05). 


TABLE I 
Aldolase Efflux from Dystrophic Mouse Muscle 
Body Weight Total Aldolase | Aldolase Efflux 


| 








Control | Dystrophic Control | Dystrophic Difference Control |Dystrophic} Difference 
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u/meg | o% /2hr | 
1.58 | 0.40 
0.36 | 2.29 6.82 
0.93 2.78 
0.95 | 2.10 | 4.03 
0.86 3.57 | 3.64 
1.46 15 0.25 
2.25 0 | 1.47 
a7 | 0.01 .05 6.19 


gm | gm u/mg 
16 12 91 
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Each line supplies data from one pair of mice. Total aldolase is expressed in arbitrary units per 
mg fresh wt of peroneus longus. Aldolase efflux is expressed as per cent of total aldolase diffusing 
out of peroneus longus in two hours. In seven of the eight pairs of mice both peronei longi from 
each mouse were incubated and data are the mean of determinations made on both muscles. In 
each of the two remaining mice one peroneus longus was torn during dissection and discarded. 
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Total aldolase in dystrophic muscle was less than in normal muscle; the 
difference between pairs, 1.05 + 0.22 units per mg fresh weight, was highly 
significant. If effluent aldolase increased as total aldolase decreased, the observed 
increased effluent aldolase from dystrophic muscle might be a reflection of 
this relation. However, a plot of effluent aldolase against total aldolase failed 
to indicate a correlation. 

In normal rat peroneus longus, effluent aldolase increases as muscle weight 
decreases, presumably because the surface to volume ratio is greater in smaller 
fibers; that is, in growing peroneus longus of rats, radius increases more rapidly 
than length (6). Dystrophic muscle weighed less than normal muscle; con- 
ceivably increased effluent aldolase may have been higher from dystrophic 
muscle for this reason. However, a plot of effluent aldolase either against 
weight or against per cent decrease in weight (dystrophic muscles versus 
paired control) showed no correlation. 


DISCUSSION 


Aldolase probably diffuses more rapidly from dystrophic mouse muscle 
incubated in Krebs-Ringer-glucose-bicarbonate solution than from normal 
muscle. The data probably confirm the hypothesis that low aldolase content 
of muscle in human (2) and in mouse muscular dystrophy (8) and high serum 
aldolase concentration in the former (1, 2) are the result of increased efflux 
of aldolase from dystrophic muscle. 

Aldolase diffuses from excised rat peroneus longus under all conditions 
examined (6). The rate at which aldolase moves out of muscle is modifiable by 
alterations in the bathing solution, least movement occurring in the presence 
of Krebs-Ringer-glucose-bicarbonate, the medium used in testing permeability 
of mouse muscle. It has been estimated that for rat diaphragm (5) and for 
rat peroneus longus (6) the area of the muscle membrane through which the 
least leak of aldolase occurs is about 10-* of total fiber surface. Changes in 
rate of leak of aldolase are interpreted as owing to changes in the structure of 
muscle membrane making more or less surface available for diffusion. 

The data are consistent with the hypothesis that in congenital muscular 
dystrophy of mice muscle membrane is altered and this alteration is reflected 
by its increased permeability. 

Such altered permeability may or may not be a primary defect. In rat 
muscle, membrane permeability, as measured by increased aldolase efflux, is 
increased by agents that interfere with oxygen supply, with oxidative metab- 
olism, by glucose lack, and by high external potassium concentration, pre- 
sumably, in the last case, owing to depolarization of the membrane. The list 
is by no means exhausted but it is already clear that membrane permeability 
is sensitive to cellular metabolism. 
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If increased permeability of dystrophic mouse muscle is secondary to altered 





cellular metabolism, the technique used in these experiments may prove § 


useful in testing agents that may be lacking or awry in dystrophic muscle. If 
increased permeability of dystrophic mouse muscle is a primary defect it may 
prove to respond differently than normal muscle to agents that modify permea- 
bility. 


SUMMARY 


There is probably increased efflux of aldolase from the peroneus longus | 
muscle of mice with congenital muscular dystrophy, indicating that muscle | 


in this disease is abnormally permeable. 
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METABOLISM OF THE ERYTHROCYTE! 


BARTON CHILDS,? anp WILLIAM ZINKHAM® 


Department of Pediatrics, The Johns Hopkins University School of Medicine, and the Harriet Lane Home, 
Johns Hopkins Hospital 


AND 
EUGENE A. BROWNE, EXALL L. KIMBRO anp JOHN V. TORBERT* 
With the Technical Assistance of JEAN HinnNANT and Marre SACHS 
Department of Medicine, The Johns Hopkins University School of Medicine and Hospital 


Received for publication September 13, 1957 


The presence in a population of two discrete variants suggests that the 
characteristic in question has a genetic origin, and when the bimodality is 
limited to one or another racial group the hypothesis is strengthened. Such a 
set of circumstances is presented in the case of an intrinsic defect of erythrocytes 
recently detected and elucidated (1-7). The erythrocytes of certain negroes 
have been observed to be unusually sensitive to hemolysis by primaquine 
in vivo. In addition incubation of such cells with acetyl phenylhydrazine (APH) 
causes the appearance of abnormal numbers of Heinz bodies in the cells, as 
well as a very marked decline in the reduced glutathione (GSH) content of 
the erythrocytes. This latter test has been standardized as a sensitive method 
for the detection of individuals whose erythrocytes exhibit the defect and 
the method is known as the “glutathione stability test” (8). The suggestion 
has been made that the fundamental metabolic defect consists of loss in 
activity of the enzyme glucose-6-phosphate dehydrogenase, an enzyme which 
catalyses a reaction providing reduced TPN, this latter being required for 
the maintenance of glutathione in the reduced state in the erythrocyte (9). 
In the absence of sufficient reduced TPN the protective potentialities of the 
GSH may be overcome by primaquine or other substances, and the metab- 
olism of the cell may be adversely altered. This inborn abnormality of the 
erythrocyte appears to predispose to the development of hemolytic anemia 
following administration of primaquine, sulfanilamide, acetanalide, and 
certain other drugs (5). The in vitro effects of naphthalene and its metabolic 
derivatives, of nitrofurantoin, and of vitamin K upon the abnormal red cells 
indicate that the same mechanism may be involved in the production of 


' This investigation was supported by grants from the Division of Research Grants and 
Fellowships, National Institutes of Health. 
? John and Mary Markle Scholar in Medicine. 
3 Special Research Fellowship, National Institute of Arthritis and Metabolic Diseases. 
* Clinical fellow of the American Cancer Society. 
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hemolytic anemia by these agents (10, 11). In addition the red cell defect has 
been demonstrated in persons who have experienced hemolytic anemia due to 
favism (15). 

The intent of this paper is to report observations upon the distribution of 
this characteristic in the population and within families; observations which 
give support to the hypothesis that the defect is associated with the presence 
in the genotype of an affected individual of a single mutant gene. 


MATERIALS AND METHODS 


The study was divided into two parts; first a survey of an unselected population of negroes 
to find affected people or “‘reactors’’, and to determine the incidence of the characteristic; 
and secondly, a study of the families of such sensitive individuals. For the purposes of the 
survey, patients attending the outpatient services of the departments of medicine and pedi- 
atrics were used. These were all ambulatory and none were seriously ill. In-patients were 
not included. In order to study the distribution of the characteristic within families, each 
time a reactor was detected, attempts were made to test as many members of his family as 
possible. Other reactors were found by random study of in-patients or by seeking out per- 
sons who had had in the past or were currently suffering hemolytic anemia due to ingestion 
of naphthalene or nitrofurantoin vitamin K administration, or favism. Wherever possible 
members of the families of these were also studied. The test method used was that described 


by Beutler and called the “glutathione stability test”, in which GSH is measured before 7 
and after incubation of whole blood with APH (8). All the GSH levels reported in this paper | 


are those obtained after incubation with APH, and all are expressed in milligrams per 100 
ml. of packed erythrocytes. Our definition of a reactor is an individual whose post incuba- 
tion GSH value is 22 mg. per 100 ml. of packed erythrocytes or less. 


RESULTS 
Incidence 


The results of the glutathione stability test in the random survey are set 
out in Figures 1 and 2, and the means and standard deviations appear in 
Table I. There were 144 negro males and 184 negro females. In his survey of 
199 unselected negro subjects, Beutler found 22 sensitive persons, giving an 
incidence of 11.0 per cent (8). His criterion for the detection of a reactor was 
a GSH reading of 20 mg. or less per 100 ml. of packed cells. He does not state 
whether or not all his subjects were males, nor is a frequency distribution of 
values given. In our series the distributions for males and females are clearly 
different. There is in both a distinct bimodality with no over-lapping, but 
there are many more reactors among the males, and rather more subjects 
showing levels in the 22-40 range among the females. These differences with 
calculated incidences are shown in Table II. Thus it appears that about 15 
per cent of males, and about 2 per cent of females are reactors if we include 
all subjects with values of 22 mg. of GSH or less. In the 22-40 mg. group we 
find about 5 per cent of females and 2 per cent of males. These latter persons 
we call “intermediates” and we have assigned them to this category because 
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Fic. 1. Distribution of post-incubation glutathione values among the survey males. 
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Fic. 2. Distribution of post-incubation glutathione values among the survey females. 


both Beutler’s data and ours suggest that the dip in the distribution curves 
is here. Such assignment is, of course, arbitrary and certainly some individuals 
who ought to be intermediates will have values lying in the curve above 40 
mg. of GSH. This category will assume more significance when we consider 
the family data. It soon became apparent, especially in studying members of 
the families, that females often had GSH values which fell into this inter- 
mediate range. Many such women were found to show a variable response to 
the glutathione stability test, and when the test was repeated the second 
values sometimes fell into the normal range. In order to test whether or not 
this was a general property of femaleness or a characteristic of negro females, 
51 healthy white women were tested. The mean and standard deviation of 
these values is shown in Table I, and it will be seen that the dispersion of these 
values is much lower than that of the females from either the survey or the 
families (P < .001 for both). In fact only one of the values for the white 
females fell in the range below 40 mg. of GSH per 100 ml. of packed erythro- 
cytes. This one low value was obtained in an Italian woman and is of interest 
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TABLE I 


Means and Standard Deviations of Post APH Incubation GSH Values Obtained by Carrying Out 
the Glutathione Stability Test on Various Populations 





1 
Group Number } Mean S.D. 





Survey negro females in 67.14 +16.65 
Survey negro males. . 61.44 +21.48 
Family females... a 42.39 +20.24 
Family males. . . ; 37.50 +25.58 
White females..... . 56.20 +9.14 
Normal white male... . | 59.30 +8.84 
Reactor negro male...... 14.00 +4.34 
Normal white female 3 52.00 





TABLE II 
Distribution of GSH Values Among Randomly Selected Negro Males and Females 





Female Male 
GSH 








No. Per cent No. Per cent 





0-22 3 1.63 
23-40 9 4.89 
41-100 172 93.48 





Totals 184 100.00 





in relation to the problem of favism. We do not have enough repetitive observa- 
tions on negro women showing intermediate values to make an analysis of 
variance, but it is obvious that the normal male, the reactor male, and the 
non-reactor female do not show this instability. Table I shows 8 tests of a 
single normal white male, 6 tests of a single reactor negro male, and 6 tests 
of a single non-reactor white female, and the dispersion in each case is less 
than those of the survey or family data. 


Family Data 


There were in all 16 negro families in which some or all the members were 
tested. These families included 32 sibships in which reactors or intermediates 
were found. The total number of individuals involved was 163 persons, of 
which 90 were females, and 73 were males. In many instances, of course, 
complete sibships were not studied, since some sibs or parents were uncoopera- 
tive or unavailable. Frequency distributions of post-incubation GSH values 
for the males and females in the families appear in Figures 3 and 4, and the 
means and standard deviations in Table I. Here again there is an obvious 
difference between the two sexes and these differences are revealed in Table III 
showing the three categories of 22 or less, greater than 22 but less than 40, 
and greater than 40. Examination of this table reveals that there are two 
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Fic. 3. Distribution of post-incubation glutathione values among the family males. 


7 








° 
© 5 10 15 20 25 30 35 40 45 SO 56 60 65 70 75 80 85 90 95 100 


Fic. 4. Distribution of post-incubation glutathione values among the family females. 


kinds of individual among the males, those with GSH values of 22 or less, 
and those with values of greater than 40 mg. of GSH per 100 ml. of packed 
cells. Among the females, however, if we use 22 and 40 as points of discrimina- 
tion we see that there are 3 kinds of person, and indeed the curve suggests 
just such a trimodality. If next, we consider the sex of the people who fall 
into the various categories of the distributions together with their position 
in the families, there are in the lowest category more than twice as many 
males as females and these are nearly all sons. In the intermediate category, 
however, there are only females, both mothers and daughters, while in the 
range of values above 40 the proportions of the two sexes are about equal, and 
nearly all the fathers are found in this category. These data are presented in 
Table IV, and the number of mothers, fathers, and sibs affected suggests 
that the condition is genetically determined. 


Mode of Inheritance 


We have now to consider the mode of inheritance of the proposed gene. 
The pedigrees of the families are shown in Figure 5. It is obvious that affected 
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TABLE III ) 
Distribution of GSH Values Among Males and Females in the Families 
| Males | Females 
GSH 
No. Per cent No. Per cent 
0-20 | 30 50.85 | 12 15.58 
21-40 | 0 0.00 | 22 | 28.57 
41-100 29 49.15 43 | 55.85 
| = | } 
Totals 59 100.00 77 | 100.00 
TABLE IV 


Distribution of Various Types of Family Member Between the Categories Determined by GSH Values 


Figures in Brackets Represent Percentages 

















| Known | Un- — 

known | *°4!s 

Reactors | Intermediates | Normal | Total | 
qununtin | ———— 
Pathers...... | $26.32) | 0 | 14 (73.68) | 1 «6| 13 '| 32 
Mothers. 8 (28.57) | 12 (42.86) | 8(28.57) | 28 | 4 | 32 
Daughters. 10 (15.63) | 17 (26.56) | 37 (57.81) | 6 | 5 | @ 
Sons. us 26 (59.09) | 0 | 1840.91) | 44 | 9 | 83 

| 

Totals 49 (31.61) 29 (18.70) 77 (49.69) | 155 | 31 | 186 





individuals appear in as many as three generations, suggesting a dominant, 


rather than a recessive gene. We shall, therefore, consider two possible modes 7 


of inheritance; autosomal dominant, and sex-linked, with dominance. 


Autosomal Dominance. Any hypothesis must take into account the great § 
preponderance of males who appear in the data as reactors. If the gene is an 9 
autosomal dominant we should ordinarily expect one affected parent of each | 
sibship, one-half the children affected, and no discrimination between males 


e 
« 








ie 


and females. It is possible, however, that the gene is sex-limited. Genes must | 
function within and as a part of the physiological milieu, and considering the 
physiological differences between males and females it is rather more sur- 
prising that so few are sex-limited than that some are. This might account 
for the marked difference in the numbers of affected males and females in our 
data. In Table IV we see that though about one-half the offspring are affected 
including both true reactors and intermediates, the distribution of males and 


females is very different in these two categories of affected. Thus there are 
nearly twice as many daughters who are intermediates than reactors, while 
among the sons there are more reactors than in both the daughter categories 
combined. It is also interesting that only one-quarter of the fathers were 
affected in any way, while about one-half the mothers showed the characteristic 
in one form or the other. Of all the families, one was ascertained through the 
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Fic. 5. Pedigrees of families in which members were tested by the glutathione stability 
test. The black circles and squares are female and male reactors. The partially black circles 
are intermediate females. Those marked with X are members who were not available for 
testing. 


father, and 3 were ascertained through the mother. Thus, of 18 fathers and 
25 mothers upon whom glutathione stability tests have been done, and who 
were randomly detected, only 4 fathers are affected, while 17 mothers show 
some evidence of the trait. This is approximately the number of mothers we 
might expect but many fewer fathers, particularly since we observe that there 
are no fathers in the intermediate category. It seems unlikely that a sex- 
limited autosomal dominant gene could account for this peculiar distribution, 
since in such an event we should expect to find more affected fathers than 
mothers, as well as more affected sons than daughters. The latter criterion 
is amply fulfilled, but we must account in some way for the discrepancy among 
the fathers. 

Sex-linkage. A more appropriate hypothesis might be one of sex-linkage. If 
the gene exists in the X chromosome, we should expect to find a different 
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distribution of the trait in the families, and this distribution would depend 
upon whether or not the gene shows dominance, and the gene frequency. If 
the gene is recessive and rare, then the majority of matings capable of pro- 
ducing affected individuals would be between unaffected males and heterozy- 
gous females, and in such a case one-half the boys would be hemizygous 
affected, and one-half the girls would be heterozygous, unaffected carriers. 
This is the most widely known situation and is that seen in hemophilia. If, 


re 


however, the gene is relatively common, or if it is dominant, then different 9 


distributions will appear. If the gene is dominant but rare, then the commonest 


mating would still be as before, but now we would find that the sons and | 
daughters would be equally affected. In addition, in a random sample, assuming 
random mating, we should find twice as many affected women as men. When 7 


the gene is common and recessive, homozygous women begin to appear, and 
if the gene is both dominant and common, all possible types of mating will 
be found, giving a variety of possible distributions of the trait within the 


families. None of these considerations, however, alter the fact that the male | 


cannot pass his single X chromosome to his sons, so the distributions within 
families will always be influenced by this. 


Gene Frequency 


The foregoing discussion will suggest that any consideration of the way 
in which a gene segregates in families will be clarified by knowledge of the 
frequency of the gene. This may be calculated by means of the Hardy-Wein- 
berg formula which assumes random mating. The frequency for a sex-linked 
gene has been calculated by a maximum likelihood method (12). Table V 
contains calculations of the gene frequency according to the two hypotheses 
we have considered, and Table VI gives an estimate of the frequencies of the 
various matings we would expect to find both in the general population and 
within affected families. Such calculations tell us that if the gene is sex-linked, 
and if the family is ascertained through a child, we should find twice as many 
mothers who carry the gene, whether in single or double dose, than fathers who 
are hemizygous. If the gene is an autosomal one, then both parents will possess 
the gene with equal frequency. 


TABLE V 


Gene Frequency Estimations According to the Two Mendelian Hypotheses Under Consideration. p 
is the Frequency of the Normal Gene, q is the Frequency of the Mutant Gene 














Frequency 
Mode of Inheritance a ceneanwiinieian a 
p q | 2pq q* 
Autosomal dominant... ... 9242 0758 1200 =| ~—-.0057 
Sex-linked............... 3613 | .1357 |  .2389 | 0192 
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TABLE VI 


Frequencies of Matings to be Expected in the General Population and in Families Containing One 
A ffected Member Calculated According to the Gene Frequencies 





Genotype Frequencies Mating Frequencies 























Father Mother All population Families 
Sex-linked 
p x p .6389 — 
q x p? .1029 .2861 
p x 2pq .2058 .5715 
q x 2pq .0333 .0894 
p x qg .0165 .0458 
q x ¢ .0026 .0072 
Totals 1.0000 1.0000 
Autosomal Dominant 
p x 2pq 1195 .8780 
2pq x p? .1195 
q x 2pq .0017 .0125 
2pq x @ .0017 
2pq x 2pq 0196 .0720 
p x p? .7278 _ 
p? x ¢ .0051 .0375 
@ x p .0051 
Totals 1.0000 1.0000 


If we return for a moment to the distributions of reactors, intermediates 
and normals obtained through the random survey (Figs. 1 and 2) and consider 
these in the light of the proposed genetic hypothesis, certain interesting points 
appear. It is clear that there are more than one type of both male and female, 
but there are a great many more males than females in the reactor group, as 
well as a few more women than men in the intermediate group. Assuming an 
autosomal dominant gene, both heterozygotes and homozygotes would be 
found among the male reactors. On this hypothesis the gene among females 
would be sex-limited, and at least among heterozygotes might show either no 
effect or some effect. But it is probable that female homozygotes would show 
the full effect. The gene frequency estimation indicates that we should find 
0057 homozygotes among the females, when in fact there are .0163 (Table IT). 
The gene frequency estimate assuming sex-linkage on the other hand gives an 
expectation of .0192 homozygotes among females, a figure in better agreement 
with the observed proportion of .0163. If we assume that the intermediate 
values among the females represent heterozygotes who are showing some 
expression, then whether we consider a sex-linked or an autosomal gene 
there are far too few of them. 
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Consideration of the distribution of GSH values in the families is of some ; 
help. Here there was complete discrimination among the reactor males and | 
normal males, while among the females, the curve was continuous, though | 
suggesting that there were three types, reactors, intermediates and normals, | 
Sex-linkage would explain these phenomena very readily. This hypothesis | 


assumes that the male reactors possess the mutant in their single X chromo- 
some, the female reactors are homozygotes, and the female intermediates 


consist of those heterozygotes who are capable of showing an effect. Obviously, | 
since in the survey data there were many less female intermediates than | 
expected, not all the female heterozygotes in the families would be expected | 


to show the effect. Still, one-third of the females are included in this category, 


and a glance at the frequencies of heterozygotes for both autosomal and sex- | 


linked genes suggests that this would be too many if the gene were a sex- 
limited autosomal one, but might be compatible with a sex-linked one. Unfor- 
tunately the data are not adequate to test this statistically. 


Pedigree Analysis 


Family trees for the 16 families are shown in Figure 5. If these data fulfill 
the criteria for sex-linkage we should find the following: (1) Reactor fathers 
do not transmit the gene to their sons, but one-half their daughters should be 
heterozygotes, and perhaps fall into the intermediate range; (2) Mothers who 
are heterozygous transmit the gene to one-half their sons, and one-half their 
daughters. All of the former will be reactors, while some of the latter will 


show intermediate GSH values; (3) Mothers who are homozygotes should | 


transmit the gene to all their sons, all of whom should be reactors, and to all 
of their daughters, all of whom would be heterozygotes, and some of whom 
would show intermediate GSH values. (4) Referral to Table VI reveals that the 
most common mating producing affected offspring will be between an heter- 
ozygous mother and a normal father, and that this mating will be twice as 
frequent as that between an affected father and normal mother. This is in 
contrast to equal frequencies of these two matings if the gene were an auto- 
somal dominant. If we consider all mating types we find that if the gene is 


sex-linked mothers will possess the gene in either single or double dose about | 
twice as frequently as will the fathers, whereas if the gene is an autosomal one | 
the father will possess it as often as the mother. In general the families show 7 
these characteristics though in many instances critical individuals, especially | 


parents, were not available for study. 

The various types of mating and offspring are shown in Table VII. It is 
immediately apparent that there are a great many more affected mothers than 
fathers, and that the commonest matings are those which permit the transfer 


of the gene to the offspring from the mother, rather than from the father. | 
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Observed Numbers of Matings of Various Types Together with Observed Numbers of Offspring Resulting 
from Those Matings, Showing the Frequency with which the Genetic Transmission is 
through Each Kind of Parent 









































Mating Type Sons Daughters 
aS Number 
; : 7 Inter : ; 
Mother Father Reactor Normal | Reactor snaiiate Normal 
Intermediate Normal 5 6 6 0 2 12 
Normal Normal 5 3 3 0 2 2 
Intermediate Unknown 4 4 0 1 1 5 
| aa 
Totals havin ionic 14 13 9 1 5 19 
Reactor Normal 3 3 0 0 2 1 
Reactor Unknown 4 4 0 2 5 6 
Reactor Reactor 1 1 0 1 0 0 
SR a aia ick 8 & 0 7 7 
Normal Reactor 2 1| 1 1 0 1 
Intermediate Reactor 2 0 3 3 1 0 
ca kibaaekeen 4 1 4 4 1 1 
Totals through mothers with normal | 
| Sere ee sbi Wi 13 12 9 0 7 20 
Totals through mothers with unknown 
fathers. ere beh wld . 8 - 8 0 3 6 11 
Total through mothers with normal and | 
unknown fathers. . . 21 20 9 3 13 31 
Total through fathers with ostensibly 
I ik Ges’ do we Rina 2 1 1 1 0 1 





That is to say that the kinds of mating we find in these families are just those 
we would expect with a common sex-linked gene, rather than those we would 
expect if the gene were an autosomal one. It is hardly possible that an autosomal 
gene could explain the dearth of affected fathers. There is, however, one 
apparent inconsistency. In family 4 the father is a reactor as is his son, while 
both mother and daughter show no manifestation. If the gene is sex-linked, 
then both mother and daughter must be heterozygotes; the mother because 
she must have endowed her son, while the father must have given his daughter 
his single X chromosome. Such a mating, between a male reactor and female 
heterozygote will occur with a frequency of about 9 per cent, a not improbable 
event. 

If, next, we consider the mothers, we note that wherever a reactor mother 
appears, all her sons are reactors. There are in all 7 mothers who are reactors 
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and who have sons, and all eight of their sons are also reactors. If such mothers 
were heterozygotes this would not be expected, so it seems inescapable that 
they are homozygotes. They could be, of course, homozygous for either an 
autosomal or a sex-linked gene, but again the gene frequency estimate tells us 
that the numbers of them who appear in the data favor a sex-linked gene. 


When we consider matings between intermediate mothers and normal | 


fathers we find five such matings. Here there are six reactor and six normal 


sons, two intermediate and twelve normal daughters; again what we would | 
expect assuming the mothers to be heterozygous regardless of the hypothesis J 
for mode of inheritance. If we include those matings between non-reactor § 
fathers, and mothers whom we must presume to be heterozygous but whose | 
GSH values are normal, we now have 9 reactor and 9 normal sons, 4 inter- ; 
mediate, and 14 normal daughters. Nowhere in these matings did we find a J 
mother with intermediate values and who married a normal father who pro- | 


duced a reactor daughter. 
All of the daughters of reactor mothers and non-reactor fathers should be 


heterozygotes, and all the sons should be reactors, regardless of the genetic § 
hypothesis. If both parents are reactors, all daughters should be reactors if 
the gene is sex-linked, but if the gene is an autosomal dominant the probabil- | 
ity that the daughters would be reactorsis only about one-half. We have complete § 
information on the former type of mating in three instances, in family 5, § 


family 12, III 5 and 6 and family 15, II 4 and 5. 


In families 5 and 15 such children as were produced were as expected if the J 
gene were sex-linked. There is, however, one major inconsistency in family 9 
12. If II 2 is a reactor and her daughter III 5 is a reactor, then the husband of 
II 2 must also have been a reactor. And yet III 7 has a GSH value of 41 mg. 9 
which, though very low, still falls in the normal range. If her father and © 
mother were both reactors, then she must be homozygous. Either the hypothesis | 
is wrong or else the father of III 7 is not the same as that of III 5. The former 7 


must be at least heterozygous however, since she has produced a reactor 
son. 

There is one mating between a reactor male and a reactor female (Family 
16). Both offspring are reactors as we would expect if the gene were sex- 
linked. If the gene were an autosomal one, and the father heterozygous, it 
would have been possible for the daughter to escape. 

In summary, a study of the distribution of this characteristic within the 
families is compatible with that which would be expected if the gene were 
sex-linked, but by this method alone, a sex-limited autosomal gene showing 
dominance could not be ruled out. The paucity of affected fathers of affected 
sons, the kinds of matings which we find and the frequency with which the 
gene comes from the maternal side, are, however, difficult to reconcile with 
the latter hypothesis. 
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f 


a” 
FAMILY 18 ,KOT. 
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FAMILY 17, AN 


Fic. 6. Pedigrees of two families containing at least one individual who had suffered 
hemolytic anemia following ingestion of fava beans. 


Favism 

Families 17 and 18 (Fig. 6) are Greek families in which the index case 
suffered an hemolytic anemia following the ingestion of fava beans. The eryth- 
rocytes of these individuals reacted exactly the same in the glutathione 
stability test as did the negroes. Again in these two families there was a pre- 
ponderance of reactor males, and in each instance in which both parents were 
tested, no son was affected unless the mother also showed some significant 
drop in her GSH level. Here again the family pattern suggests sex-linkage 
with incomplete dominance and variable expression, but the hypothesis of an 
autosomal gene cannot be disproved. 


DISCUSSION 


That primaquine sensitivity of the erythrocyte is a genetically determined 
characteristic is strongly indicated by the data here reported. Its racial pre- 
dilection favors the hypothesis, and the distribution of sensitive individuals 
within the families is even stronger evidence. The hypothesis of a single sex- 
linked gene showing intermediate dominance and variable expression is 
however, based on a less firm foundation. It is always a problem in human 
genetics to find enough families in which all the parents and sibs are available, 
and which contain those critical matings which put any genetic hypothesis in 
an unassailable position. In addition one seldom knows how homogeneous the 
data are, and apparent inconsistencies may be due to the inclusion of condi- 
tions caused by different mechanisms and associated with different genes, 
even though clinical manifestations or even measurement of chemical func- 
tions may be very similar. In the material presented here the measurement 
used to detect primaquine sensitivity is the glutathione stability test. We 
presume that this test reflects the activity of glucose-6-phosphate dehydro- 
genase in the red cell, and whenever enzyme activity has been assayed in 
these families the results have borne out the validity of this assumption (13). 
But it is possible that genes at quite different loci could alter equally the 
activity of this enzyme, but by quite different means. If one such gene is 
sex-linked, another might easily be autosomal, and the distribution of the 
characteristic measured within a particular family would vary accordingly. 
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For example, the gene in family 4 might be a different one, existing in one of 


the autosomal chromosomes. If a test for molecular or immunologic specificity § 


of the enzyme itself could be devised such problems might be resolved. We 
have such tests in the case of the blood groups and the hemoglobin variants, 
but among the enzyme defects in humans, all that has been tested so far is 
activity of the enzyme. A first step has been taken in microbial genetics by 


Suskind, Yanofsky and Bonner, who found that organisms totally deficient J 
in tryptophane synthetase activity were in fact producing a protein which ff 


was immunologically similar to the enzyme, though inactive (14). In the case 


of primaquine sensitivity, tests for inhibitors of the enzyme, or other causes 
for reduced activity should be sought in addition. It is noteworthy that gluta- § 


thione stability tests done on the erythrocytes of both white and negro new- 
born infants have shown that the majority of such infants are transiently 
reactors (10). This defect is of course non-genetic, but as defined by the gluta- 


thione stability test appears the same as the genetically determined one, § 


though doubtless the mechanism is different. 
The differences in expression between males and females is difficult to 
explain, but it is more readily understood if the gene is sex-linked. In this 


event the hemizygote possesses no opposing normal gene, in contrast to the 7 
heterozygote who does so. Whichever mode of inheritance we assume it is J 
likely that the reactor females as defined are homozygotes. The heterozygotes J 
we cannot define completely, but assume that some of them show intermediate | 


expression, and others have GSH values which fall within the range of the 
normals, and the variations upon repeated determinations have been already 
pointed out. All this makes it impossible to do a statistical analysis of the 


observed and expected numbers of heterozygotes and the two kinds of homo- [ 
zygote in order to give better definition to the mode of inheritance of the gene. 
Such difficulty is of course nearly always encountered in the study of the | 
effects of genes in single dose, and especially so when the distribution of | 


measurements of such effects is continuous. The point is that dominance is 
simply a reflection of the phenotypic expression which is being measured, 
and unless one measures some function immediately proximal to the gene 
action, considerable variation may result. Thus a gene may show incomplete 
dominance in some genotypes, and may be actually recessive in others. Here 
again, enzyme assays or study of other effects more clearly defining the gene 
action would be helpful. 

The high incidence of the gene in negro population is most interesting. We 


have no information bearing on its selective value, but must presume it not | 


to be very adverse since some of the families are quite large. Information on 
gene frequencies in various areas of Africa where there has been no genetic 
dilution by intermarriage with whites would be of value. Assuming the same 
gene to be possessed by individuals with favism, it would also be important 
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to determine the frequency in populations in Greece or in Sardinia wherein the 
disease is commonly found. A recent report from Israel indicates that the 
defect exists among Jews of Mediterranean origin, and suggests that it is 
familial, though the data on this latter point were insufficient to be conclusive 
(16). Such estimates of gene frequencies in different localities and different 
populations would be an important step toward understanding its evolutionary 
significance. Obviously it is very nearly selectively neutral in the American 
Negro to whom exposure to the substances eliciting the hemolytic response is 
of very recent origin, but in areas in which favism has been endemic for cen- 
turies one might find a different frequency. Still, if the gene is sex-linked its 
frequency would be maintained by the protection afforded the female heter- 
ozygote by the normal gene. It is also of course possible that there may be 
some advantage in being heterozygous. For this phenomenon in humans there 
is very little evidence, with the possible exception of the gene for hemoglobin 
S (17), so that frequency estimates in different populations are useful if one 
is to know something about the contributions to fertility of any particular 
gene. 

An important implication of this characteristic as a genetic entity consists 
in its relevance to the general problem of drug sensitivity. Several of the 
families studied were ascertained through an individual who had suffered an 
hemolytic episode following ingestion or administration of some chemical. 
An examination of the family history of such patients is without meaning, and 
the possibility that such a sensitivity or idiosyncrasy could have a genetic 
basis is apparent only after study of the erythrocytes of family members by 
the GSH stability test. Thus a concatenation of genetic and environmental 
factors is required, whether in the natural course of events or by im viiro 
testing, for the familial pattern to emerge. It seems possible and even likely 
that many more such sensitivities will show a similar pattern if appropriately 
studied. 


SUMMARY 


1. A survey of randomly selected negroes was carried out to determine 
the frequency of primaquine sensitive persons in this race. The method used 
was the glutathione stability test. The incidence of sensitive individuals, or 
“reactors’’, was found to be about 14 per cent among males, and about 2 per 
cent among females. In addition there were about 5 per cent of females who 
showed partial sensitivity. These latter we have called ‘intermediates’. 

2. Relatives of reactors were examined by the same test to determine the 
distribution of sensitive persons within families. Again there were a preponder- 
ance of reactor males, but if female reactors and intermediates are pooled, 
there were nearly as many females as males. Affected relatives appeared in 
as many as 3 generations, suggesting genetic determination. 
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3. The most likely hypothesis for the mode of inheritance of a gene con- 
trolling this characteristic is that of sex-linkage with incomplete dominance. 
4. It is evident that the gene expresses itself variably in heterozygotes, 
since some women stamped as such showed GSH values which fell into the 
normal range. ; 
5. If the gene is sex-linked, its frequency in the population is .1387 per 
locus per generation. 
6. Two families containing individuals who had suffered hemolytic episodes 
following the ingestion of fava beans were examined by means of the gluta- 
thione stability test. The affected individuals were found to be reactors as 
were some of their relatives and the distribution of the characteristic within § 
the families suggested that it too was associated with a sex-linked gene showing § 
incomplete dominance and variable expression. . 
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Electrophoresis of hemoglobin is routinely performed in the study of negni 


patients from the clinics of the Johns Hopkins Hospital, and abnormal hemo. 
globins are sometimes encountered in the absence of specific hematologic 


abnormalities. In two instances from a total of over 6,000 specimens, hemo} 
globins with an electrophoretic mobility greater than that of normal hemoglobin} 
at pH 8.6 were discovered. The first of these hemoglobins has a mobility equal 
to that of hemoglobin I (1). This hemoglobin was subsequently discovered in} 
other members of the family of the patient. In each of these the proportion} 
of normal to fast-moving fractions was about 1:1. In the North Carolinafj 
family in which hemoglobin I was first encountered, the proportion of I to if 


normal was approximately 1:3. 
The second of the hemoglobins encountered in our clinic has a mobility at 


pH 8.6 which is less than that of hemoglobin I, and roughly comparable tof 
that of hemoglobin J of Thorup (2) or to Liberian-2 hemoglobin (3). Erythro- 9 
cytes of individuals with hemoglobin J contained approximately equal parts J 
of A and J, but in the family to be described, the fast hemoglobin represents | 


only 15 per cent of the total amount. 


Family studies indicate that each of these abnormalities is inherited as a | 
simple Mendelian dominant trait. The locus of the first mentioned hemoglobin | 
cannot be ascertained, but the data available indicate clearly that the second | 
abnormal hemoglobin is acting on a locus other than that for normal, sickle, C | 


and D hemoglobins. Since it has not been possible to compare all of the chemical 
and physical properties of these hemoglobin abnormalities with the abnormal 
hemoglobins which have been encountered in other clinics, the custom which 
has been adopted by others of informally labeling hemoglobins with a tentative 
designation is being followed here. Thus, the first of these hemoglobins will 
be designated as Hopkins-1 and the second, or that hemoglobin acting at a 


locus apart from the A, S, C, D hemoglobin locus, will be designated as Hop- )) 


kins-2 hemoglobin. 
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STUDY OF TWO ABNORMAL HEMOGLOBINS 





METHODS 


>E FOR : : 

ION! The standard laboratory procedures of the Johns Hopkins Hospital were 
used for most of the hematologic and chemical determinations. Paper electro- 
phoresis was performed by the method previously described from these labora- 

me tories (4). 
& . © 
uel , (A) Hopkins-1 hemoglobin 


4 The propositus of this family was O. H. (JHH #720589). A 59 year old 

negro male was admitted to the Johns Hopkins Hospital in October of 1955 
of negro in coma. He had been entirely well prior to the onset of convulsive seizures 
Ll hemoM® and left hemiparesis 6 days before admission to the hospital. At the time of 
atologi(M® admission to the hospital, he was stuporous. The blood pressure was 150/80 
, hemo millimeters of mercury and he was dehydrated. There was left hemiparesis, 
oglobing and the eyes were deviated to the right. The liver and spleen were not palpeble. 
y equal A serologic test for syphilis was positive to 64 units. The hematocrit value 
ered inf was 44 per cent and the red cell indices were normal. The white cell count 
portion#® was 26,000 per mm*. Erythrocyte fragility studies, coagulation studies, and 
arolina§§ erythrocyte survival as determined with Cr*! were normal. During the stay 
of I tof in the hospital, the patient developed a staphylococcus and proteus mirabilis 
© septicemia with multiple abscesses in the skin and the subcutaneous tissues. 
lity at The paresis was not relieved. Despite intensive therapy, he remained some- 
able to— what stuporous and died on the thirty-fourth hospital day. 
ry thro- f Because of routine screening procedures in use at the time, the hemoglobin 
1 parts} was subjected to electrophoresis at pH 8.6 and the pattern revealed 50 per 
resents P cent normal hemoglobin and 50 per cent of a hemoglobin with a distinctly 

® faster than normal mobility. This hemoglobin was designated as Hopkins-] 
d asaj} (Ho-1) hemoglobin. Other members of the family were studied in order to 
globin F determine the genetic and clinical expressions of this abnormality. The kindred 
second is shown in Figure 1. The propositus depicted as I-1 had nine siblings of whom 
kle, C J seven remained alive, but of whom only three, listed as 1-4, I-5 and 1-9, have 
emical been studied. Of these, one sister, I-4, and one brother, 1-9, had Hopkins-1 
1ormal trait. 1-4 had eight children, 13 grandchildren and 6 great grandchildren. 
which § From this family, I-4, 11-17, 11-22, I1I-5, I1I1-6 and III-7 had hemoglobin 
tative | 
1s will 











i electrophoretic patterns which exhibited the abnormality in combination 

} with normal hemoglobin and in concentrations of approximately 50 per cent 

gata cf each. I-3 was dead but her one child, II-15, had Hopkins-1 trait. One of 
tv.o children of I-9, designated as I1-43, also had the abnormality. The pro- 

| positus had one child, II-1, who had only normal hemoglobin and one child, 

| 11-2, who had normal and Hopkins-1 hemoglobins. A sibling of the propositus, 

| 1-10, is deceased but a grandchild, I11-20, has the Hopkins-1 trait. Those who 
v cre tested and found normal included I-5, II-1, 11-5, [1-20, 11-21, 11-23, I1-42, 
Iht-1, INI-4, 111-14, 11-15, 111-16, 111-17, 111-19, 1V-1, IV-4, IV-5 and IV-6. 
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Excluding the propositus, seven members of the kindred with Hopkins-1 trait 
were males and four were females. In no instance was the abnormal hemoglobin 
present in a child when it was absent in the parent. One individual, I1-22, with 
Hopkins-1 trait, married a woman with sickle trait. One child with sickle trait 
resulted from this union. It is impossible to conclude from these data that the 
genetic locus of Hopkins-1 hemoglobin is the same as that for normal sickle, 
C and D hemoglobins. 

The data obtained are entirely compatible with the belief that the Hopkins-! J 
hemoglobin is inherited as a Mendelian dominant, not sex-linked or limited. 
It is not possible to conclude either that the responsible gene is an allele of 
normal (A) hemoglobin or that it is present at a different locus. From study of 
the 12 individuals in the kindred no associated hematologic abnormality was 
recognized. 


(B) Hopkins-2 hemoglobin 


The propositus for this study was D. F., (JHH # A-97378), a 4 year old 
negro male who was admitted to the Harriet Lane Home of the Johns Hopkins 
Hospital in November, 1956, with acute glomerulonephritis. His birth had 
been normal but chronic, generalized eczematous dermatitis persisted from 
age 4 months and asthmatic bronchitis had recurred repeatedly from age 18 
months. Because of recurrent episodes of otitis media and secondary infection 
of the eczematous skin eruption, he had received many antibiotics. Among 
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these, he had received penicillin to which he had demonstrated an urticarial 
reaction. An exacerbation of the eczema with secondary infection was treated 
with erythromycin. After two days of therapy he developed periorbital edema 
and hematuria. Upon admission to the hospital, the blood pressure was elevated 
to 135,110 millimeters of mercury. There was mild periorbital edema. There 
was generalized lymphadenopathy and widespread flexural eczematization and 
pustulation of the skin. Wheezes and fine rales were heard throughout the 
chest. The liver and spleen were easily palpable. The hematocrit value was 
35 per cent. The white cell count was 16,000 per mm* with a normal differential. 
No abnormalities of the red cells were seen on blood smears. Examination of the 
urine revealed gross hematuria, + plus albuminuria, and granular and cellular 
casts. The serum non-protein nitrogen was 80 milligrams per 100 ml. and the 
potassium 7.5 milliequivalents per liter. During his hospital stay, diuresis was 
brought about, the urine became normal and the azotemia disappeared. 

As a routine hospital procedure, electrophoresis of the hemoglobin was 
performed and a component with a migration greater than that of normal, A, 
hemoglobin was revealed which amounted to approximately 15 per cent of 
the total hemoglobin concentration (lig. 2). Erythrocyte fragility studies were 
normal. The electrophoretic composition of the hemoglobin did not change 
upon aging or repeated freezing and thawing. Subsequently, study of other 
members of the family revealed the presence of the fast component of hemo- 
globin designated as Hopkins-2 (Ho-2) hemoglobin. In some _ individuals 
sickle hemoglobin was also present. 

Study of the Kindred. The mother of the propositus had been well throughout 
life, had married twice and had three children of whom the propositus was 
the youngest. Electrophoresis of her hemoglobin revealed the presence of three 
components. One with the mobility of S hemoglobin comprised 45 per cent of 
the total, the normal hemoglobin concentration was 45 per cent and 10 per cent 
was of a mobility faster than normal and equal in mobility to the fast compo- 
nent present in the propositus. Sickling preparations on this blood were posi- 
tive. The hematocrit value, the white cell count, reticulocyte and platelet 
counts, osmotic and mechanical fragility of the erythrocytes were normal. The 
red cell indices and the appearance of the erythrocytes on blood smears were also 
normal. Hematologic studies including hemoglobin electrophoresis were per- 
formed on 15 other members of the family. In none was there significant altera- 
tion of the hematocrit value, white blood cell count, reticulocyte or platelet 
counts or of the appearance of the erythrocytes on smears. The fast-migrating 
hemoglobin was demonstrable in 11 of the 17 members and sickling could be 
produced in the 10 whose erythrocytes contained S hemoglobin. 

In Figure 3 the pedigree has been charted. The propositus has been desig- 
nated as II1-3 in the chart and his mother is designated as I1-2, six members, 


including at least one from each generation, had S, A and Hopkins-2 compo- 
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tion of Ho-2. 


nents in the erythrocytes. These members were I-1, I1-2, [I-5, 11-6, I1-7, and 
I1I-7. In each the proportions of approximately 45, 45 and 10 per cent for S, 
A and Hopkins-2 hemoglobin were represented. The combination of Hopkins-2 
hemoglobin and A was present in 5 members of the third generation including 
I11-1, 111-2, 111-3 and II1-8 and III-9. In these individuals the Ho-2 repre- 
sented 15 to 20 per cent of the total hemoglobin concentration. The combina- 
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| tion of sickle and normal hemoglobins without Hopkins-2 was represented by 


4 members including II-4, III-4, I1I-5, I1I-6. Normal hemoglobin alone was 
encountered in only the second spouse of the individual II-2 and in the spouse 


of II-7. One member of the pedigree, III-10, remains unstudied. Thus, in no 
| instance of direct inheritance from I-1 was an individual encountered with 
| only normal hemoglobin. 


DISCUSSION 


Several hemoglobins with an electrophoretic mobility which is greater than 
normal hemoglobin at pH 8.6 have been encountered by different workers. 


| Time has not allowed their complete identification and designation as new 


forms of hemoglobin or as further instances of previously described hemoglo- 
bins. Those for which a designation has been established include the small 
component found in normal blood (5, 6), hemoglobin H (7), I, J and Liberian-2. 
The mobility of the Hopkins-2 hemoglobin is clearly greater than the fast 
hemoglobin which is present in the erythrocytes of all normal individuals. 
At pH 8.6 the mobility of Hopkins-2 is less than I. It is not precipitated from 
solution with time or freezing as is hemoglobin H, but it may prove to be 
identical to hemoglobin J or to Liberian-2 hemoglobin. 

The inheritance of hemoglobins S and Hopkins-2 is observed in three matings 
within this pedigree. In two instances, the children of such matings include 
combinations of (a) sickle and normal, (b) Hopkins-2 and normal, and of (c) 
sickle, normal and Hopkins-2. The inheritance of sickle and Hopkins-2 from a 
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single parent precludes the possibility that these hemoglobins are allelomorphs | 

The frequency with which one is inherited independently of the other make 

a close chromosomal linkage unlikely. Furthermore, the Hopkins-2 hemoglobin ¥ 
cannot be transferred on the A hemoglobin gene since the Ho-2 hemoglobin ® 
may be inherited with sickle hemoglobin, a situation which would preclude the © 
inheritance of the A gene from that parent. The segregation of these hemoglo. 
bins within the pedigree can be explained by localization of the Hopkins.) % 
gene on a chromosome other than that carrying the S, A, C, D gene. Offspring © 
of an individual with A and S genes at one locus and Hopkins-2 on a different 7 
locus should include (a) 25 per cent with the combination sickle, Hopkins-2, ¥ 
and A hemoglobins (the A originating in this case from the second parent), 9 
(b) 25 per cent with Hopkins-2 and A (inheritance of A from both parents, 7 
(c) 25 per cent with sickle and A (A from the second parent) and (d) 25 per £ 
cent with only A hemoglobin. In this pedigree the expected number of normal 
individuals is 3.7. However, with 14 of the 15 offspring studied none with only 7 
A hemoglobin was encountered, a happening which could be due to chance. e 

No hematologic abnormality has been associated with the inheritance aij 
Hopkins-2 hemoglobin in combination with A, or together with A and sickle. © 
The concentration of Hopkins-2 hemoglobin in combination with sickle ani 3 : 
normal is significantly less (10 per cent) than when it occurs with only A : 
hemoglobin (15-20 per cent). It could be postulated that Hopkins-2 is formed 7 ; 
at the expense of A hemoglobin, since the proportion of S remains approxi | 
mately 45 per cent whether Hopkins-2 is present or absent. 

The evidence has been brought forth that the abnormalities associated with 
the thalassemia syndromes are determined at a locus or at loci apart from the 7 
A, S, C, D locus (8, 9, 10). Schwartz and his associates (10) believe that hemo- © 
globin G is determined at yet a third locus. Accepting the presence of the three 
loci, normal, thalassemia, and G and tentatively placing Hopkins-2 hemoglobin ( 
at a fourth locus, the genotype of an individual with the combinations oi 7 
Hopkins-2 and A hemoglobins would be: 


es Seay TE 


Hb,A Hb,A (S, A, C, D, locus) «6 
Hb.A Hb.A (thalassemia locus) 3 
Hb;A Hb;A (G locus) e 
Hb,Ho-2 Hb,A (Ho-2 locus) P 
and the genotype for an individual with the combinations of sickle, normal : 
and Hopkins-2 would be: £ 
4 
Hb;S HbA F 
Hb.A Hb.A 
Hb;A Hb;A 


Hb,Ho-2 Hb.A 
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Since each of the hemoglobins, Ho-1 and Ho-2, occurred only once in routine 
testing of 6,000 individuals, the chance occurrence of this hemoglobin in com- 
bination with other abnormal forms seems small unless a geographic area of 
higher incidence for the abnormality is discovered. 


SUMMARY 


(1) Two hemoglobins are described, each with an electrophoretic mobility 
in veronal at pH 8.6 which is greater than the mobility of hemoglobin A. 

(2) The inheritance of each seems to be as a Mendelian autosomal dominant. 
The locus of one, Hopkins-1 hemoglobin, is not determined. The locus of the 
other, Hopkins-2 hemoglobin, is shown to be on a different chromosome than 
is the A, S, C, D allele system. 
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STUDIES OF THE METABOLISM OF INSULIN 


THaApDpDEus E. Prout, Georce W. Scott, JoHN A. WEAVER 
AND SAMUEL P. AsPER, JR. 


Studies of the metabolism of insulin labeled with iodine-131 (I-131) have been based on 
the assumption that the insulin is unaltered by the labeling process and that it is representa. 
tive of endogenous insulin. In order to test the validity of these assumptions, insulin I-13} 
was given to normal rabbits by intravenous injection and the rate of disappearance of the 
radioactivity from the plasma was studied by two techniques. In the first, the radioactivity 
in the plasma was precipitated with trichloroacetic acid. This is the generally accepted 
method of study. In the second, the insulin I-131 was separated from the plasma by electro- 
phoresis. The rate of disappearance of the radioactivity was found to be much slower by 


the technique of trichloroacetic acid precipitation than by the technique of plasma electro- | 


phoresis. The biological half-life of the radioactivity in the first method was 67 minutes 


whereas in the second it was 24 minutes. The longer biological half-life of the radioactivity § 


precipitated by trichloroacetic acid was due to the persistence in the serum of a constant 
recirculating fraction of the insulin which had been altered by the labeling process. 

The rate of disappearance of unlabeled insulin from the plasma of rabbits was then deter- 
mined by means of a bio-assay. This showed good correlation with the rate of disappearance 
of radioactive insulin found by electrophoresis but correlated poorly with that found by 


trichloroacetic acid precipitation. The theoretical levels of insulin predicted by the electro- | 


phoretic technique from 60 to 140 minutes following administration of insulin were similar 
to the levels of insulin found by bio-assay. The assumption that the trichloroacetic acid 
precipitate of radioactive insulin in serum, represents only intact, biologically active insulin 
is not supported by these results. However, the separation of insulin I-131 from plasma 
employing the method of electrophoresis appears to be accurate. 


Insulin metabolism was studied by the techniques of electrophoresis and bio-assay follow- © 


ing the administration of hypoglycemic agents. The rate of disappearance of insulin I-131 
from the serum of normal rabbits, as determined by electrophoresis, was not affected by the 
prior administration of tolbutamide or BAL. There was no change in the serum levels of 


insulin-like material as a result of the oral administration of tolbutamide to patients with 
diabetes. 


ACUTE BRUCELLOSIS: A STUDY OF 60 CASES OF LABORATORY 
ACQUIRED INFECTION 


RoBert W. TRrEVER, LEIGHTON E. CLurr, RICHARD N. PEELER 
AND IvAN L. BENNETT, JR. 


Sixty cases of acute brucellosis due to Br. suis and Br. melitensis have been studied. These 
infections resulted from accidental exposures in a bacteriological laboratory over a twelve 
year period. The clinical features of the disease are briefly outlined. 
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Serial serological studies before, during and after the acute infection demonstrated high 
agglutinin titers early in the course of illness, bacteremia in the presence of high titers, and 
secondary rise in titer with recurrent illness and bacteremia. Patients could be divided into 
three groups on the basis of the long term behavior of the agglutinin titers: 1) gradual fall 
to below 1:100, 2) sustained elevation at or above 1:100, and 3) one or more secondary 
elevations with recurrent acute illness. Careful analysis demonstrated no cross reaction 
between brucella and tularense agglutinins. 

It was found that the brucella skin test could be interpreted in approximately the same 
manner as a tuberculin skin test. A positive reaction indicated present or past brucella infec- 
tion, and a negative reaction indicated that the patient had never had brucellosis. No ex- 
amples of brucellergin anergy were encountered. In 8 patients use of the skin test was fol- 
lowed by transient elevation of the agglutinin titer, but in no case did this cause diagnostic 
confusion. 

Treatment with tetracyclines and streptomycin had no demonstrable effect on duration 
or pattern of fever and did not prevent recurrent bacteremic illness or development of a 
chronic symptom state. Such treatment did abolish bacteremia more rapidly than did sulfon- 
amides. 

Among the interesting cases encountered were coincident pneumococcal pneumonia and 
acute brucellosis, bilateral malleolar ulcers due to Br. suis, acute tularemia subsequent to 
acute brucellosis, and a Herxheimer-like reaction. Sporadic use of salicylates was associated 
with shaking chills and hectic fever in eleven patients. 

A chronic symptom state, persisting longer than one year, occurred in over one-third of 
the patients. Such patients were no more likely to have a persistently elevated agglutinin 
titer than were patients who recovered uneventfully from acute brucellosis. No objective 
measures were found in the clinical or serological records that would allow one to predict 
which patients would develop such a state subsequent to acute brucellosis. 
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Animals Parasitic in Man. By Grorrrey Lapace. 321 pp., 95 cents. Penguin Books, Balti- 
more, Md. 

Among the deservedly popular Pelican Books, there is now a newer and smaller series— 
the Pelican Medical Series. These appear to aim at both the hybrid “intelligent layman” 
and the medical student. The present one is written by an eminent British parasitologist, 
who is the author of a number of texts, particularly of veterinary parasitology. This one is 
packed with information concerning the life histories, the migrations and the feeding habits 
of these different residents in or upon man. 


The question which bothers this reviewer most is whether the dual purpose is a good one. § 


The information is packed in for the inquiring medical man, but there is no good way of 
finding one’s way about so that our inquiring student may find it a little hard to use it as 
a reference. On the other hand my guess is that there is too much information with all of the 
technical names thrown in to make it popular with our interested layman. However, we 
badly need a general “account of the parasitic animals which afflict man” and this is a good 
one. 


FREDERIK B. BANG 


Current Surgical Management. Edited by JonN H. MuLHOLLAND, Epwin H. EL ison 
and STANLEY R. FRIESEN. 494 pp., $10.00. W. B. Saunders Co., Philadelphia, Pa. 

The editors present a forum on important surgical conditions about which there is con- 
troversy regarding treatment. A disease or aspect of a disease is introduced and followed by 
review articles, each of which recommends its own method of therapy. The object has been 
to bring together in one place varying and often opposed viewpoints. In this manner, twenty- 
eight topics are discussed in sixty-seven articles by seventy-six authors. Inasmuch as the 
contributors have been selected on the basis of large clinical experience with their subjects, 
the result is a worthy addition in an area under constant revision by the general surgeon. 

The topics selected are either common problems, such as, “Appendicitis With Generalized 
Peritonitis,” “Acute Cholecystitis”; or, if uncommon, are those apt to be troublesome in 
management, as for example, “Chronic Relapsing Pancreatitis,” “Regional Ileitis,”’ ““Malig- 
nant Melanoma.” Slightly less than half are matters of an emergency nature, as “Intus- 
susception,” “Penetrating Wounds of the Heart,” “Burns.” Only one of the subjects intro- 
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duced, “Carcinoma of the Cervix,” is not directly within the realm of the general surgeon 
A somewhat unexpected inclusion, and one that will be read with interest, is a many-sided 
discussion of “Metastatic Breast Cancer.” 

The individual articles assume on the part of the reader a knowledge of the problem at 
hand and techniques advocated. This justifies omission of much background and technical 
minutia. Reference is made to more particular analysis through adequate bibliography. 
Brevity and reading ease are gained, and the logic of each position is more directly followed. 
Brevity and directness are appreciated in what is, quite properly, at times a bewildering 
experience. That each bias be brought forth affirmatively has been necessary for clear evalua- 
tion, and, in addition, lends an excitement that is generally absent from scientific publication. 
Most of the material presented is not new to the surgical literature. This adds rather than 
detracts from the book. It is the convenience of juxtaposition of contraries, together with the 
excellent reappraisals of known positions that gives it currency. 

A dark subject on which light has been cast from several sides is “‘Portal Hypertension 
with Esophageal Varices.’’ The individual reviews are by Doctors Arthur H. Blakemore, 
George Crile, Jr., J. Garrott Allen, Charles G. Child, III, and Robert M. Moore. That of 
Dr. Blakemore is sutstanding. Other subjects skillfully handled are “Chronic Relapsing 
Pancreatitis,’ discussed separately by Drs. Merlin K. DuVal, Jr., Ralph F. Bowers, and 
Henry Doubilet, and “Peptic Esophagitis,” with reviews by K. Alvin Merendino, F. Henry 
Ellis, Jr., David H. Watkins, and Carl E. Lischer with Thomas H. Burford. The single most 
effective article is Dr. John M. Waugh’s scholarly consideration “Anterior Resection for 
Carcinoma of the Rectosigmoid.”’ Further features of merit are ‘Treatment of Carcinoma 
of the Stomach by Partial Gastrectomy” by Dr. Arthur W. Allen, “Cancer of the Lip; Case 
Against Prophylactic Neck Dissection,” by Dr. Arthur G. James, and “The Case for Ileo- 
colostomy With Exclusion in the Surgical Treatment of Distal [leitis,” by Dr. John H. 
Garlock. 

Other contributions too numerous for mention rank with the above. Regrettably, there 
are also those that fall far short of this standard. The consideration given “Papillary Car- 
cinoma of the Thyroid” is scanty. One review consists primarily of a negation of usual treat- 
ment forms. The second article is inconclusive. Certainly the assignment is a difficult one. 
The sands of treatment are shifting, but from the accounts given the reader would have no 
intelligent notion of the direction of the shift. The controversy regarding early vs. late 
operation for cholecystitis is weakened by the large overlap in time that both sides share. 
Occasionally the disagreement presented is more one of semantics than treatment, and little 
honest controversy exists. A more rank offense is the failure to consider an existing alterna- 
tive plan of therapy at least as acceptable as that discussed. Thus, a review is included 
advocating staged procedures in the treatment of ulcerative colitis while the one-stage 
procedure is given no voice. One could wish that Dr. Mark Ravitch or Dr. Henry Cave had 
been allowed rebuttal. Much of the controversy raging around treatment of carcinoma of 
the breast is ignored. A severe deficiency is the dismissal of an article without a statement of 
results of the treatment form advocated. Several otherwise winning articles are marred in 
this manner. 

The sins are certainly sins of omission. Nonetheless, the approach is worthwhile, and the 
execution by many is of such caliber that the result is a highly informative publication. Its 
absence of encumbrances, vital subject matter, unusual approach, and general quality flow 
together to produce an instructive, facile volume. We recommend it for the surgeon’s refer- 
ence shelf and, once there, would expect it to find its way to the night table. 

G. A. Harkins 
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Peripheral Nerve Regeneration—a follow-up study of 3,656 World War II injuries. V.\. 
Medical Monograph. Edited by Barnes WoopHaLt and GILBERT BEEBE. 671 pp. 
For sale by the Superintendent of Documents, U. S. Government Printing Office, 
Washington, D. C. 

This report brings together the results of careful and patient collaborative study extend. 
ing over several years. The investigation was well-planned and, wherever possible, data 
were subjected to statistical analysis. The report presents, therefore, the most authorita. 
tive information yet compiled of composite long-term results to be expected when many 
persons suffer acute traumatic lesions of peripheral pathways. The large numbers permit 
analysis of individual nerves from that standpoint, factors in prognosis, indications for 


exploration, and the functional results to be anticipated with some forms of definitive sur. § 


gery. The report thus becomes an important source of information to those dealing with 
acute peripheral nerve lesions. 


Its factual breadth and relative statistical validity makes it a useful reference companion 
volume to Special Report No. 282 which the British Medical Research Council published 
in 1954. By its very nature, however, it cannot be considered easy reading, and indeed its 
important conclusions have been previously presented in more assimilable fashion elsewhere. 

J. W. M. 


Surgeons All. By Harvey GRAHAM. 459 pp., $10.00. Philosophical Library, New York, 
N. Y. 

This delightful book, which is concerned with the historical aspects of surgery, was first 
published a few months before the outbreak of World War II. Because of the troubled times, 
it did not achieve the distribution or popularity that one would expect and has, therefore, 
been republished with the addition of a chapter to bring the material up to date. 

The book is written in such fashion as to be attractive to both physician and lay audiences. 
The author has written other books of the same sort and would appear to be exceptional in 
his ability to bring certain medical topics into the sphere of interest of the layman without 
sacrificing their attractiveness to the profession. The present edition recounts the history 


of surgery from its earliest days to the present, presenting the material in an extremely | 





MAE 


« 
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interesting as well as instructive fashion. It is written in a fast-moving, active style and with © 


a superb wit and sense of humor which makes it read as much like a novel as a book of 


history. Dr. Graham considers in detail the earliest approach to surgery and the gradual § 


transition and development of the science of surgery as we know it today. A superb considera- 
tion of the impact of John Hunter upon the profession is particularly interesting. He has in 
addition emphasized throughout the book the fascinating consideration of the devious ways 
of medical discovery. This approach should make his material highly interesting to members 
of the profession. The book is well illustrated and the topics of illustration well chosen. The 
weak point of the book lies in the final chapter which attempts to bring the work up to date. 
This section does not reveal the same attractive mode of presentation found in the rest of 
the book and is so brief as to preclude the enthusiastic analysis of the many recent advances 
which characterizes the majority of the volume. 

All in all, however, this is one of the most attractive books dealing with the topic of the 
history of medicine and surgery that I have seen and I think that it will be found to be an 
intensely interesting presentation of a fascinating subject. I can hardly imagine a better 
written, better presented, more vital consideration of this subject. 

James R. CANTRELL 
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ss. VA 
671 pp. 
| Office, 


Neuropharmacology. Transactions of the Third Conference May 21, 22 and 23, 1956. Edited 
by Harotp A. ABRAMSON. 381 pages. $4.50. The Josiah Macy, Jr. Foundation, New 
York, N. Y. 

This conference differs from the two earlier ones in that a larger number of papers are 
presented and the discussion is more to the point. 

Purpura describes his electrophysiological studies designed to elucidate the origin of the 
cortical surface potentials of the brain. His cross-circulation experiments show that stimula- 
tion of the brain stem in one animal causes an electrical response in the brain of the other. 
Elkes’ paper is largely concerned with the effects of drugs on the electrocorticogram and 
behavior of animals. Of particular interest here is the dissociation of electrical activity from 
overt behavior which obtains with certain drugs. The response of patients with catatonic 
stupor to amobarbital and various other drugs is also discussed. Olds reports his attempts to 
determine the anatomical sites of drug action by taking advantage of the amazing fact that 


extend- 
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permit 
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\panion animals with electrodes chronically implanted in certain regions of their brains avidly stimu- 
blished late themselves with an electric current. Brodie reviews his pharmacological evidence for 
leed its serotonin and norepinephrine as antagonistic chemical mediators regulating the central 
»where. autonomic nervous system. Richter’s paper emphasizes the importance of nutritional and 
. M. endocrine status and the gustatory sense in the production and control of alcoholic craving 
in rats. Masserman describes elaborate psychological experiments on the effects of alcohol 
York, @ on the behavior of monkeys and cats exposed to stressful situations. There are also short 
reports by Quastel on the action of alcohol on brain in vitro, by Beecher on the quantitative 
as first measurement of subjective responses, by Abramson on the inhibition of the LSD-25 reaction 
times > in Siamese fighting fish by an extract of brain, and by Jarvik on the effect of LSD-25 on 
snails. 
refore, 


E. W. MAYNERT 


we ) The Electrocardiogram. 2nd edition, revised. By Louis SI1GLER. 312 pp., $8.75. Grune & 
‘ithout Stratton, New York, N. Y. 
sinter I ; The author has attempted too much. Basic physiological mechanisms are inadequately 
remely discussed and insufficiently illustrated for a beginning student. The compensatory pause, a 
.. | relatively simple and easily explained phenomenon, is discussed here in a manner certain to 
‘ har © confuse the student. The superficial treatment of difficult differential diagnostic problems 
bok of & will not be of much help to a practitioner faced with a problem. The internist will be dis- 
radual } appointed by the discussion of the differentiation of ventricular tachycardia from supra- 
sidera- » ventricular tachycardia with bundle branch block. 
has in The organization of the book leads to reduplication in some cases and omission in others. 
b ways For example, in chapter XXV, “Electrocardiographic Changes in Various Constitutional 
mbers and Toxic States”, the author has a paragraph on the changes seen in diabetic coma and 
a. The ketosis but potassium is never mentioned as a contributing factor or an important thera- 
) date. peutic consideration. In the next chapter, entitled “Effect of Drugs and Chemicals on the 
est of Electrocardiogram’’, hypopotassemia is discussed and diabetic ketosis is listed as one of 
fances three causes. The chapter entitled “Trauma and Strain Affecting the Heart” contains many 
statements for which I suspect rigid proof is lacking. The author apparently has a special 
of the interest in this subject and refers the reader to his publications discussing the relation of 
be an strain to cardiac disability and death. The expression “physical and emotional strain’’ recurs 
better throughout this chapter, but is not clearly defined. 


In summary, I feel that this is neither a good textbook nor a good reference book. 
RicHArD S. Ross 
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The Principles and Methods of Physical Diagnosis. 2nd edition. By Smon S. Leopop, The ct 





537 pp., $9.00. W. B. Saunders Co., Philadelphia, Pa. bs N. 
Like the first edition issued in 1952, this text on physical diagnosis is largely the work gj ™ linic@ 
Dr. Leopold, but derives a good bit of its value from the fact that chapters on the medic © N. 
history, the psychiatric interview, examination of the musculoskeletal, central nervous, ani “limi 
cardiovascular systems, as well as special sections on the gynecological and pediatric exam. © th 
inations are contributed by specialists in these respective fields. The chapter on “Sounds from a¢ 
the Thorax: Acoustic Principles” written by S. R. Warren, ScD. is retained and continue | Hemot 
as one of the very valuable features of the book, making sense where some texts on physica Pi 
diagnosis are apt to be quite confusing. Integr: 
No book can cover the entire field of physical diagnosis without becoming a veritabk § A 
encyclopedia of medicine. This work continues to cover the field very thoroughly without ¥ 
losing itself in a needless welter of illustrations. In this reviewer’s opinion it is the best inte. Introd 
grated text on the subject. It should be of principal value to the medical student, but of very © E 
real value also to the general practitioner wishing to brush up on his technique of examina- e - 
tion of one or another system. Roots 
RoBert E. Mason N 
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iy 
— 
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Clinical Electrocardiography. Interpretation on a Physiologic Basis. By MANUEL GARDBERG, | 

315 pp., $12.75. Paul B. Hoeber, New York, N. Y. 

The new textbook on electrocardiography by Gardberg is certainly more distinctive than 
most. The author is responsible for a reasoned and analytic visual approach to vector theory 
and he makes use of his well known schematic diagrams. These appear to be based on the 
best physiologic data available. The concept of the gradient is given strong emphasis. All of 
this is to the good. There are fewactual recorded vectorcardiograms, since the author appears 
to be a vector “‘purist”’. 

Although the author’s aims are laudable, this reviewer found many of the presentations 7 
and diagrams too complex, for example, Fig. 111. Some of the figures seem to contain an ¥ 
excessive number of detailed drawings, too small to be readily understood. Where the page § 
margins have been sacrificed, the design is not pleasing. The illustrations of actual electro- } 
cardiograms seem adequate although the current use of direct writing machines, despite 7 
their other advantages, cannot be said to have improved the character of electrocardiographic 7 
records—particularly for publication. 

Some of the material is a bit skimpy, for example, arrhythmias and pericarditis are 7 
covered rather lightly in comparison to coronary artery disease which is afforded almost ¢ 
one third of the entire book. \ 
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The volume can not be recommended to the absolute beginner in electrocardiography but 
the more advanced student will find many of the ideas useful. 
ABRAHAM GENECIN 
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The Chronically Ill. By Joseru Fox. 229 pp., $3.00. The Philosophical Library, New York, 
u.. =. 

Clinical Gastroenterology. By Eddy D. Palmer. 630 pp., $18.50. Paul B. Hoeber, New York, 
N. Y. 

Clinical Parasitology, 6th edition revised. By Ernest C. Faust and Paut F. RussE.t with 
the editorial assistance of Davin R. Lincicome. 1078 pp., $15.00. Lea & Febiger, Phil- 
adelphia, Pa. 

Hemorrhagic Diseases. By ARMAND J. Quick. 451 pp., $9.50. Lea & Febiger, Philadelphia, 
Pa. 

Integrating the Approaches to Mental Disease. Symposium Sponsored by the New York 
Academy of Medicine. Edited by H. D. Kruse. 393 pp., $10.00. Paul B. Hoeber, New 
York, N. Y. 

Introduction to Anesthesia. The Principles of Safe Practice. By Ropert D. Dripps, JAMES 
E. EckenHorFr and Leroy D. VANpaAM. 266 pp., $4.75. W. B. Saunders Co., Phil- 
adelphia, Pa. 

Roots of Modern Psychiatry. By Mark D. ALTscHULE. 184 pp., $5.75. Grune & Stratton, 
New York, N. Y. 

The Story of Peptic Ulcer. By Ricuarp D. Tonkin. 71 pp., $2.25. W. B. Saunders Co., 
Philadelphia, Pa. 
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STUDIES ON THE PROPHYLAXIS AND TREATMENT OF TETANUS 
|. SrupDIES PERTAINING TO ACTIVE AND PASSIVE IMMUNIZATION! 


SARA PRUDOVSKY ann THOMAS B. TURNER 
Department of Microbiology, The Johns Hopkins University 


Received for publication October 16, 1957 


Previous papers on tetanus from this laboratory have dealt with questions 
such as the persistence of serum antitoxin levels following active immuniza- 
tion and the effect of various antibiotics on tetanus organisms. It was shown, 
for example, that detectable serum antitoxin levels persisted in most properly 
immunized individuals for at least 5 to 10 years after the last immunizing in- 
jection of tetanus toxoid. Moreover, all such individuals tested responded with 
a typical booster type rise in serum antitoxin levels following a stimulating 
dose of toxoid (1). In the antibiotic studies, penicillin and some of the tetra- 
cycline group of drugs, notably oxytetracycline (Terramycin), were found to 
be effective against tetanus bacilli both in vitro, and in experimental infections 
of mice, hamsters, and rabbits. Prevention of tetanus could be accomplished 
by the administration of the antibiotic within 24 hours after inoculation of 
large doses of tetanus spores. It was also noted that while these antibiotics 
protected animals against massive inoculation of spores, tetanus antitoxin 
failed to do so, although it did prolong the incubation period. 


The present paper reports other observations bearing on the general problem 
of tetanus prophylaxis, and more particularly on the effect of simultaneous 
injection of antitoxin and toxoid, and on the response to induced infections 
according to the level of actively acquired or passively transferred serum anti- 
toxin. The succeeding paper will deal with certain aspects of the problem of 
the therapy of clinically overt tetanus (3). 


METHOD OF STUDY 


The studies on prophylaxis were made primarily in rabbits. Active immunization was 
accomplished by the intramuscular injection of fluid or alum precipitated toxoid, in indi 
vidual doses of 0.25 to 0.5 ml. 

Determination of serum antitoxin levels were made by a mouse-assay method which has 
been previously described (1). The least amount of antitoxin detectable by this method 
was 0.0025 units per ml. of serum, and the method was sufficiently sensitive fo measure a 
twofold difference in antitoxin content. 

Tetanus antitoxin used in the experiments had been prepared in horses. As labelled, the 
antitoxin contained 4000 units per ml. although the actual strength as determined by mous« 
assay in this laboratory varied, and was always found to be higher than that stated. Dilutions 
were customarily made in saline. 


' These studies were supported in part by a grant from the Whitehall Foundation, Inc. 
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Spore suspensions were prepared according to the method used by Anwar and Turner 
(2). For effective storage, the stock spore suspension was diluted to 1:10 in a solution of 
15 per cent glycerol in saline and the mixture distributed in small vials. These were quick 
frozen in a bath of dry ice and alcohol and stored in a dry ice cabinet (approximately —70 C) 
for later use. Just prior to use, the spore suspension was thawed, diluted in saline to the de- 
sired number of organisms per ml., and mixed with an equal volume of either a 10 per cent 
or 15 per cent solution of calcium chloride. Two ml. of this mixture was injected into the 
thigh muscles of the animals. CaCl, was used because of its tissue debilitating property and 
its favorable effect upon the vegetation of tetanus spores. The disease pattern of induced 
tetanus in rabbits is discussed in a succeeding paper (3). 


Simultaneous Injection of Tetanus Antitoxin and Toxoid 


Confronted with an injured patient the physician must determine whether 
to give tetanus antitoxin alone, toxoid alone, or both at the same time. If it is 
known that the individual has been previously actively immunized it ordinar- 
ily suffices to administer a booster dose of tetanus toxoid. If, on the other 
hand, the patient has not been actively immunized or the immunization history 
is uncertain, administration of tetanus antitoxin may be indicated and the 
question will then arise as to whether toxoid should be given in addition to 
the antitoxin. The experiments described here were designed to provide some 
of the biological data on which a decision could be based. 

Effect of Simultaneous Administration on Levels of Injected Antitoxin. ‘The 
limited data in the literature on this point are conflicting. Otten and Hen- 
nemann (4) found that the antitoxin content of the blood of guinea pigs 
fell more rapidly when injections of toxoid were given simultaneously with 
passive immunization. Gold and Bachers (5), on the other hand, reported that 
the combined procedure of active-passive immunization against tetanus ap- 
pears to have no adverse effects upon the duration and magnitude of the tem- 
porary protection conferred by the passive components. In both of those in- 
vestigations the toxoid and antitoxin were injected at different sites. 

One experiment (Experiment 1) bearing on this point was performed in our 
laboratory and the results are summarized in Table I. Eight adult rabbits of 
approximately the same weight and age were divided into two groups. To the 
animals of one group was given a single dose of 800 units of tetanus antitoxin 
by intramuscular injection; to the animals of the other group was given a 
similar dose of antitoxin and in addition 0.25 ml. of fluid tetanus toxoid 
(Lederle) by injection in the muscles of the opposite thigh. 

All animals were bled at 48 and 96 hours, and at 1, 2, 3 and 4 weeks. Titra- 
tion of serum antitoxin levels in these animals showed that while there was 
considerable individual variation between rabbits, most had substantial anti- 
toxin levels at 48 and 96 hours, with smaller amounts thereafter. However, 


there was no statistically significant difference between the two groups. 
It is concluded that under conditions approximating those of this experi- 
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TABLE I 


Comparison of Serum Antitoxin Levels Following Passive Immunization with Tetanus Aniiloxin Alone 
and with Simultaneous Injection of Toxoid and Antiloxin (Experiment 1) 


Serum Antitoxin Units per ml. at Indicated Time 


Immunization* Groups Rabbit No. 
48 hr 96 hr. 1 wk. 2 wks 3 wks. 4 wks. 

A T 31 2.0 1.5 0.1 <0.0025 <0.0025 <0.0025 
800 units Antitoxint T 32 4.5 2.5 0.75 <0.0025  <0.0025 | <0.0025 
alone T 3 10.0 5.0 2.0 0.1 <0.0025 <0.0025 
TM 15.0 9.0 3 0.1 <0.0025 <0.0025 

B T 39 3.0 y 0.4 0.02 
800 units AntitoxinT T 40 9.0 2.3 0.1 <0.0025 <0.0025 <0.0025 
and toxoidt T4i 5.0 y 0.1 <0.0025 | <0.0025  <0.0025 
T 42 8.5 4.0 0.0025 <0.0025 <0.0025 <0.0025 


* No detectable antitoxin in any animal prior to immunization. 
+ Intramuscular injection. 


ment the simultaneous administration of tetanus toxoid and antitoxin does 
not lead to a significant decrease in the serum levels of the passively acquired 
antitoxin. These results are also pertinent to another problem to be discussed 
later on. 

Effect of Simultaneous Administration on Active Production of Antitoxin. Pub- 
lished results on this point again are in conflict. Beginning with Ramon and 
Laffaille (6) a number of investigators obtained results in either experimen- 
tal animals or human beings which indicated that tetanus antitoxin may 
inhibit the immunizing action of toxoid when the two are injected simultane- 
ously (5, 7, 9, 10). The data showed nevertheless that the first toxoid injection 
was not useless in that it sensitized the host so that a typical booster type 
response was induced by a subsequent injection of toxoid. Similar reports have 
been made with regard to the effectiveness of simultaneous toxoid-antitoxin 
immunization against diphtheria (10-15). 

Other investigators, however, have reported that in tetanus (4, 16, 17) and 
in diphtheria (18) the presence of passively transferred antitoxin prevents the 
usual sensitization of the body cells by toxoid and renders it inert as an an- 
tigen. 

Interesting to note were studies in infants following injections of combined 
diphtheria-tetanus toxoids (19, 20). It was found that in infants under 6 
months of age active immunity against tetanus developed well, while that 
against diphtheria was definitely defective. These observations were interpreted 
as being related to the presence of diphtheria antitoxin passively transferred 
from the mother in uéero. In immunizing against diphtheria with toxin-anti- 
toxin mixtures, Park (21) recommended against injections in the presence of 
passive immunity. However, Glenny and Sudmersen (22) found that guinea 
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pigs passively immune by maternal transmission or by injection of heterologous 
antitoxin were capable of developing active immunity. 

These conflicting experimental results and interpretations, reflected through- 
out the literature, may have been due to the use of different methods of ap- 
proach to the problem. Under some circumstances, the question may be of 
importance, and the problem was undertaken for further investigation as out- 
lined in the following experiments: 

Experiment 2: The plan of the experiment was as follows: 10 rabbits weigh- 
ing between 3.5 and 5 kg. were divided into two groups, A and B, of 5 rabbits 
each. All animals were bled for pre-immunization specimens, and the sera were 
stored in a deep freeze for later tests. Following the bleeding, Group A was 
given 0.25 ml. of fluid tetanus toxoid (Lederle) intramuscularly into one thigh. 
Group B was given simultaneous injections of 0.25 ml. fluid toxoid and 800 
units of tetanus antitoxin intramuscularly in opposite extremities. Group B 
was bled at 48 hours in order to determine that a satisfactory serum antitoxin 
level had been attained, and both groups were then bled at 2 and 4 weeks after 
injection. Following the 4-week bleeding, a second dose of 0.25 ml. of fluid 
toxoid was given to all animals. Bleedings were then made at 1 week, and 
serum antitoxin levels determined. The results of the experiment are summa- 
rized in Table II. 

Experiment 3: Another experiment similar to the previous one was carried 
out using 10 rabbits. The results of this experiment are summarized in 
Table III. 


In the doses employed, passively administered antitoxin was maintained in 


TABLE II 
Comparison of Serum Antiloxin Leve's Following Active Immunization with Tetanus Toxoid Alone and 
with Simultaneous Injection of Toxoid and Antiloxin (Experiment 2) 


Serum Antitoxin Units per ml. at Indicated Time 


ee ee seeeiees 48 hrs. after anti- —_ spa os 1 wk. after 2nd 
toxin administration hetéee Sad dese toxoid dose 

A T 43 0.05 3:5 
Toxoidf alone T 44 0.05 8.0 
T 45 0.1 6.0 
T 46 0.1 10.0 
T 47 0.1 9.0 
B r 48 3.0 0.0025 9.0 
Toxoidf and anti T 49 3.0 0.0025 12.0 
toxint T 50 a5 <0.0025 1.0 
T 51 2.0 <0.0025 1.5 
T 52 4.5 <0.0025 7.0 


* No detectable antitoxin in any animal prior to immunization. 
+ Intramuscular injection. 
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TABLE III 


Comparison of Serum Antitoxin Levels Following Active Immunization with Tetanus Toxoid Alone and 
with Simultaneous Injection of Toxoid and Antitoxin (Experiment 3) 








Serum Antitoxin Units per ml. at Indicated Time 





| 
| 
j 














Immunization* Group Rabbit No. pera 4 wks. after Ist situated 
|toxin ene ne non toxoid dose 

= TS 0.05 3.0 
Toxoidf alone T 54 0.1 10.0 
TSS 0.1 5.0 
T 56 0.01 3.0 
T 57 0.5 20.0 
B— T 58 5.0 <0.0025 1.0 
Toxoidt and anti- T 59 5.0 <0.0025 8.0 
toxin T 0 5.0 <0.0025 1.0 
| T 61 6.0 <0.0025 6.0 


T 62 5.0 <0.0025 8.0 





* No detectable antitoxin in any animal prior to immunization. 
t Intramuscular injection. 


the circulation for a period of about 2 weeks. At 4 weeks, however, when the 
passively administered antitoxin had been eliminated, all animals of Group A 
in each experiment showed detectable levels of antitoxin, while those of Group 
B showed only barely or no detectable antitoxin. Upon injection of a second 
dose of toxoid, both groups responded by a prompt and marked increase in 
serum antitoxin levels as indicated by the titrations made on sera obtained 1 
week after this second injection. These results clearly indicate that the in- 
jected antitoxin, given simultaneously with the first dose of toxoid does inter- 
fere to a certain extent with the latter’s action. 

It should be noted that satisfactory levels of serum antitoxin were achieved 
in these animals only after a second injection of toxoid, regardless of whether 
or not the initial toxoid injection was given simultaneously with antitoxin. 
Essentially the same situation is known to obtain in man. 

The passively transferred antitoxin, did not, however, inhibit the induction 
of active immunity. Had significant inhibition been the case, none of the ani- 
mals receiving the simultaneous injection of toxoid and antitoxin would have 
been sensitized to the point where a “booster” type of response was possible. 
That this type of response did actually occur is obvious from the antibody 
titrations of the sera obtained 1 week following the administration of the 
second dose of toxoid. At this time all animals, regardless of the method em- 
ployed in administering the first dose of toxoid, responded with great increases 
in antitoxin. Despite some individual variation in response to the second toxoid 
dose, there was no statistically significant difference in the results obtained 
by the two methods of immunization. 
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Active and Passive Immunity as Related to Resistance to Induced Infections | 


In this section observations are reported that deal with active versus passive § 
immunity to induced tetanus; correlation of antitoxin level and resistance to 
infection after active immunization; and the influence of infection on antitoxin § 


response in actively immunized animals. These observations were made during | 


the course of two experiments which were designed as follows: 


Experiment 4: Altogether 44 rabbits were used in this experiment. Of these, § 


= 


21 had been actively immunized by two injections of 0.25 ml. fluid toxoid & 


(Lederle) 6-12 months previously; in addition 6 of these 21 rabbits had been 
given a booster dose of 0.5 ml. fluid toxoid two weeks prior to challenge inocv- 


os 


lation with tetanus spores. Twelve animals had had no previous immunization, § 


but received tetanus antitoxin intramuscularly at the time of spore inocula- | 
tion, four receiving 800 units, four 160 units, and four 80 units. Seven rabbits 


without previous immunization served as controls on the infectivity of spores. 
To all 40 rabbits were given by injection into one thigh 1000 tetanus spores 
suspended in 2 ml. of 15 per cent CaCl:. In addition, 4 animals were given 2 


ml. of a solution of 15 per cent CaCl, only. All animals were examined several | 


times each day for 2 weeks for signs of tetanus, and thereafter once a day for 
2 months. Surviving animals were bled 2 weeks after the spore inoculation. 
The results of this experiment are summarized in Tables IV and V. 


TABLE IV 


Results of Inoculation of Rabbits with Tetanus Spores in Relation to Method of Immunization 
(Experiments 4 and 5) 








| Died of Tetanus 


Experi- | Immunization INo. Rabbits No. with Day of 








I ization P. di | Signs of = - — 
ment Group ESERIES 2 TSSSaEES Inoculated Sitcom Onset No. | Dy 
4 Active Toxoid and antitoxin 6-12 8 6 3-6 2 | 6,12 
months previously 
Toxoid only 6-12 months 7 3 3, 4, 11 2 10 
previously 
Booster toxoid 2 weeks pre- 6 0 —_ 0 _ 
viously 
Passive* | 800 units 4 > lene 3 | on & 
160 units a + 3 4 7-9 5 
80 units + 2 3 2 7,8 
None Spore control 7 7 3 7 4-6 
CaCl, control 4 0 — 0 —_ 
5 Active Toxoid only 8 weeks pre- 19 3 6, 8, 8 0 —_ 
viously 
None Spore control 16 13 3-5 13 4-7 


* Intramuscular injection. 
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TABLE V 


Outcome of Challenge Inoculation with Tetanus Spores According to Serum Antitoxin Levels in Actively 
Immunized Rabbits (Experiment 4) 








| AT units/ml. AT units/ ml. 
Rabbit No. | Serum at Signs of Tetanus Day of Onset Day of Death Serum 2 Wks. 
| Challenge After Challenge 
T 4 20.0 — — _ 50.0 
T 59 20.0 — — — 5.0 
T 37 10.0 — —_— — 4.0 
T 51 10.0 — — — 10.0 
T 56 10.0 — — — 25.0 
T 41 9.0 — — — 4.0 
T 54 4.0 = os — 25.0 
T 57 3.0 — — — 5.0 
T 61 0.8 — — — 10.0 
T 62 0.6 — — — 0.6 
T 53 0.3 — _ — 0.2 
T 47 0.1 — _ _ 0.1 
T 46 1.0 local 11 — 50.0 
T 58 0.2 local 3 — 10.0 
T 42 0.1 local 4 — 150.0 
T 49 0.1 local 6 — 30.0 
T 60 0.1 local 3 —_ 10.0 
T 43 0.4 | generalized 4 10 i _ 
T 52 0.3 | generalized 5 12 -— 
T 36 0.1 generalized 3 12 —_ 
0.1 generalized 3 6 — 


T 40 





Experiment 5: This experiment was similar in design to the preceding one 
except that it included no group of animals that received antitoxin alone. 
One group of 19 rabbits had 8 weeks previously been given 0.5 ml. of alum 
precipitated tetanus toxoid (Sharp and Dohme). Another group of 16 rabbits 
had received no previous immunization and served as the control group. All 
animals were bled immediately before intramuscular injection of 2000 tetanus 
spores in 10 per cent CaCl. Surviving animals were bled again 2 weeks after 
spore inoculation. The results of this experiment are summarized in Tables IV 
and VI. 

Data obtained in the foregoing experiments have a bearing on three aspects 
of the problem of immunity in tetanus, each of which will be discussed below. 


Active Versus Passive Immunity to Infection with Tetanus Spores 


A number of investigators (23-25) have found that on the whole passive 
immunization in tetanus is less reliable than active immunization. The data 
given in Table IV indicates the superiority of active over passive immunization 
in induced infections. Even one series of toxoid injections, administered a 
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TABLE VI 


Outcome of Challenge Inoculation with Tetanus Spores According to Serum Antitoxin Levels in Actively 
Immunized Rabbits (Experiment 5) 








AT units/ml. | AT units/ml. 


Rabbit No. Serum at Signs of Tetanus Day of Onset Day of Death | Serum 2 Wks. 
Challenge | After Challenge 
T 130 7.8 — — — 5.0 
T 134 ee —_— —_— — | 5.0 
T 145 + — — — 5.0 
T 148 7 — — — rh 
T 133 0.75 — — _ >10.0 
T 140 0.75 — — — >10.0 
T 141 0.75 — — —_ > 10.0 
T 146 0.75 — — — >10.0 
T 131 0.25 — —_— _— 0.1 
T 132 0.25 — _ — 0.25 
T 137 0.25 — — — 5.0 
T 142 0.25 — — — >10.0 
T 144 0.25 — — — >10.0 
T 147 0.25 _ — — 0.25 
T 135 0.1 — — _ 10.0 
T 136 0.75 local | 8 - | »>aa 
T 138 0.25 local 8 — >10.0 
T 139 0.25 local 6 = | >10.0 





relatively long time before challenge inoculation of spores, proved adequate in 
most cases to give the animals partial, if not complete protection against in- 
fection. An additional dose of toxoid, shortly before the spore inoculation, 
greatly enhanced the degree of protection, for none of the animals thus treated 
developed any signs of disease. Interesting to note is the number of actively 
immunized rabbits that developed signs of tetanus and later fully recovered, 
in contrast to the unimmunized which invariably died if signs of tetanus 
developed. 

Passive immunization, on the other hand, even when relatively large 
amounts of antitoxin were administered, was ineffective in changing the out- 
come of infection, and once signs appeared, the disease progressed to death. 
The only effect observed was some prolongation of the incubation period in 
some animals and a slight prolongation of the life of the infected rabbits, when 
compared to the fulminating course of the disease in the untreated control 
animals. 


While serum antitoxin determinations were not made on those animals that 
received antitoxin alone, it can be assumed on the basis of observations re- 
corded in Table I that the rabbits which received 800 units of antitoxin had 
substantial levels of serum antitoxin at least for the first 4 days, levels which 
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I 


were probably as high or higher during this period than those in the actively 


‘ctively immunized group. 
—_— It should be noted that 3 of the rabbits that had been given tetanus anti- 
We 4 toxin did not develop either signs of infection or detectable antitoxin in their 
allenge | serum. It is probable that in these instances infection may have failed to take 
re i place. This is consistent with previous findings that occasionally animals escape 
0 » infection after the inoculation of spores. 
oe 6 These results, which should be viewed in conjunction with similar findings 
we © reported from this laboratory by Anwar and Turner (2), indicate clearly the 
0 ) limitations of passively transferred antitoxin in the prophylaxis of tetanus. 
.0 p Despite relatively high antitoxin doses the experimental disease was only de- 
me layed, not prevented. It is known that this same situation occasionally occurs 
). 25 in patients, as pointed out by Boyd (26), among others. 
0 Turning to the possible application of these findings to the situation in man, 
- it is true that when large groups of injured or wounded patients are studied, 
25 ' invariably there is a much smaller proportion of tetanus among those who 
).0 received prophylactic antitoxin than among those who received no form of 
- immunization. However, it must not be forgotten that in those studies most 
0 of the treated patients had been subjected to other types of prophylactic pro- 
).0 cedures as well as to the administration of antitoxin. Moreover, it is not pos- 
a sible to know which patients among all those given prophylactic antitoxin were 
ate in actually infected with tetanus spores, and it is therefore difficult to estimate 
ap * in what proportion of instances true success of this method of immunization 
ees . occurred. 
ae e Our results merely suggest that some failures are to be expected when pro- 
Lively phylactic antitoxin alone is given. The bases for such failures may be either 
al incomplete neutralization of tetanus toxin, especially that which is absorbed 
at: directly into nerve trunks, or continued production of toxin after most of the 
antitoxin has been exhausted both by destruction and combination with toxin. 
lege The picture is quite different in the presence of active immunity as will be 
opens shown below. 
leath. Correlation of Antitoxin Level and Resistance to Infection 
od in After Active Immunization 
when # There is a large body of clinical and epidemiological evidence indicating that 
mntrol ) active immunization is effective in preventing tetanus, but it is difficult to ob- 
) tain reliable data on the relation of blood serum antitoxin levels to the oc- 
> that currence of disease. While high serum antitoxin levels were found to be ac- 
aS 5S companied by a high degree of protection, favorable results in some animals 
oo with low levels have also been observed. Thus, Wolters and Dehmel (27) re- 
whic 


ported that actively immunized guinea pigs were resistant to infection with 
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tetanus spores even when their serum antitoxin had fallen to relatively low 
levels. Other workers, however, observed that in some instances tetanus may 
develop and progress to death despite the presence of small amounts of circu- 
lating antitoxin (24, 28-30). 


The results of the present investigation concerning this aspect of the prob- § 


lem of immunity are recorded in Tables V and VI. As observed in these tables, 
none of the 12 animals that had more than 1 unit of antitoxin per ml. of serum 


prior to challenge showed any signs of tetanus. Among 27 rabbits that had 1 | 
unit or less, the results were variable, for 15 showed no signs of disease, § | 
developed local signs, and 4 had generalized tetanus which progressed to | 
death. Further examination of the data shows that in 3 animals in which the | 


antitoxin levels were as low as 0.1 unit per ml. of serum the disease did not 


progress beyond local signs. On the other hand, 2 rabbits which had more than © 


this amount of serum antitoxin died of the disease. 


These findings indicate that there is an association between the degree of 
immunity and serum antitoxin level. However, the antitoxin level present at 7 
the time when the infectious agent is introduced may not be the only factor © 
determining the outcome of infection. As will be discussed shortly, tetanus 


infection in actively immunized animals may be followed by a definite rise in 


serum antitoxin. It is also well known that there is individual variation in the J 
rate at which antibody is produced. It seems likely, therefore, that in those % 
animals in which no or only local signs appeared there was a rapid production © 


of new antitoxin, which blocked the progress of the infection. In those animals 
that succumbed to the disease, there might have been a delay in the production 


of antitoxin or an overwhelmingly rapid production of tetanus toxin. It is pos: J 
sible too that with borderline amounts of antitoxin, qualitative differences in 
the antibody may be influential, for it is known that the avidity of an antibody ® 


for its antigen may vary. 


Some of the irregularity of the results can also be explained on failure of the J 
infection to be established despite the large doses of tetanus spores inoculated. 
This suggestion seems reasonable when it is observed that of 27 animals which & 


had 1 unit or less of antitoxin per ml. of serum, 6 showed neither signs of dis- 
ease nor increase in antitoxin following the inoculation with spores. 
Whether the failure of infection to be established may be due to any degree 


of anti-bacterial immunity induced by injections of tetanus toxoid can only be | 
a matter for speculation, since there is no good evidence for such an & 


occurrence. 


Effect of Infection on Antitoxin Response in Actively Immunized Animals 


As pointed out in the second paper of this series (3) no evidence of active 


immunity is usually observed in man following recovery from a clinical attack § 


of tetanus, but no data are available on the response to infection in individuals 
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that had previously been actively immunized. Glenny and Sudmersen (22) 
found that injection of diphtheria toxin into guinea pigs that had previously 
been actively immunized against diphtheria resulted in a marked increase in 
diphtheria antitoxin within a few days. Analogous findings were obtained with 
the use of tetanus toxin (29). Rises in antitoxin levels were, likewise, observed 
following inoculation of actively immunized animals with tetanus spores (27, 
29, 30). Jones and Jamieson (31) explained their failure to detect any increase 
in antitoxin following induced infection in immunized animals as due, prob- 
ably, to their method of titration. 

Tables V and VI show the results obtained in our investigation of this 
problem. It is evident that all of 8 rabbits that developed the disease and sur- 
vived showed a tenfold or greater increase in antitoxin level 2 weeks after the 
inoculation with spores, in one instance reaching an exceptionally high titer. 
Variable results were obtained in the 27 animals that showed no signs of dis- 
ease, for 13 animals showed some rise in serum antitoxin, 5 maintained their 
pre-challenge levels, and 9 actually showed a decrease. 

These findings indicate that an apparent tetanus infection as manifested by 
signs of disease is followed by a marked increase in serum antitoxin. It seems 
logical to conclude that in the absence of signs of disease a significant rise in 
antitoxin level may be regarded as evidence that infection, i.e. germination of 
spores with elaboration of toxin, had occurred. 

It has been pointed out above that 9 animals showed a decrease in their 
antitoxin levels after the inoculation with spores. To what may this decrease 
be ascribed? May it be due simply to the usual decline in titer that occurs with 
time following active immunization, or could it be associated with events 
occurring as a result of the inoculation with spores? 

Since in 5 of these animals the decline was of a magnitude beyond that which 
might be expected within a time interval of 2 weeks, it seems unlikely that 
these changes can be ascribed solely to a normal fall in antitoxin levels as a 
function of time. Unfortunately, there was no immune control group of rab- 
bits in these experiments which were not injected with spores. It should be 
noted, however, that a much higher proportion of those animals having initially 
high titers showed a decline in titer than of those having initially low titers. 

One plausible explanation of this phenomenon is that the decline in the 
serum antitoxin level may have been associated with infection. It is known 
that the level of circulating antibody falls abruptly after the injection of large 
amounts of specific antigen, and it has been presumed that this is the result of 
the formation of antigen-antibody complexes which are quickly removed from 
the blood. Dixon and Maurer (32) found that in the presence of specific antigen 
86 per cent of the homologous antibody was removed from the circulation 
within 6 hours. In view of such observations the present findings suggest that 
the fall in antitoxin may have been due to its combination with circulating 
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toxin which was present as a result of infection. The fall in antitoxin may have § 


been only temporary, a negative phase, followed subsequently by a rise. How. 


ever, since the possibility of this occurrence had not been foreseen, the experi. | 


ments were not designed in a manner that would yield data to substantiate J 


these speculations. 


DISCUSSION 


The foregoing experiments contribute information on certain disputed points J 


concerning active and passive immunization against tetanus. For example, in 7 
the medical management of injured individuals who have had no previous | 


active immunization it is necessary to give tetanus antitoxin for temporary 


protection. A debated point has been whether or not tetanus toxoid simul- | 


taneously administered will serve to initiate the process of active immuniza- 
tion, and at the same time not materially interfere with the effectiveness of 
the passive immunization. 

The present studies indicate that while the antitoxin response to the toxoid 
is somewhat suppressed in the presence of simultaneously administered anti- 
toxin, the effect of this toxoid injection is not altogether lost. Even in the 
presence of large amounts of antitoxin apparently enough toxoid remains un- 
neutralized to sensitize the antitoxin producing cells of the body, so that a 
second antigenic stimulus yields a response essentially similar to that in test 
animals that received no antitoxin with their initial toxoid injection. At the 


same time, the level of serum antitoxin is not appreciably altered by the 7 
relatively small amounts of toxoid injected. It is concluded, therefore, that the © 
simultaneous administration of tetanus antitoxin and toxoid to injured indi- 7 


viduals is a useful and practical procedure. 

It is realized that on the basis of body weight both toxoid and antitoxin were 
given in excessive amounts as compared to those usually administered to hu- 
man beings. However, the ratio between the toxoid and antitoxin used was 
comparable. It is scarcely necessary to point out that the actual figures relat- 
ing to serum antitoxin levels in rabbits may have no validity in terms of pro- 
tection in man. In these experiments the induced infection probably favored 
the infecting agent at the expense of the host, since in every unprotected 
animal the resulting disease was fulminating in character. 

The degree of immunity of animals actively immunized against tetanus is 
correlated with the serum antitoxin levels at the time of infection. From the 
experiments in rabbits reported here once a level of more than 1.0 unit of 
antitoxin per ml. of serum was reached these animals were uniformly protected 
against the disease. However, lower levels of serum antitoxin, in some instances 
as low as 0.1 unit per ml. of serum, proved often to be completely or partially 
protective. The variability in protection at levels of 1.0 unit and less suggests 
that at such levels other factors may be associated with protection, one being 
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the promptness with which an animal responds with antitoxin production 
following an antigenic stimulus. 

The rarity of reported cases of tetanus in previously immunized persons 
suggests that any active immunization, no matter how remote, is of some value. 
As pointed out by Turner, Stafford and Goldman (1) there are few data indi- 
cating just what constitutes a protective level of serum antitoxin in man. 
Probably the same situation exists in man as in the experiments reported here, 
in that even minimal levels may afford some degree of protection. These results 
in rabbits suggest, too, that immunized individuals could develop mild local 
tetanus as a result of natural infection without the disease progressing beyond 
this stage. It is interesting to speculate whether instances of transient muscle 
rigidity in patients might occasionally be due to natural tetanus infection in 
an immunized individual. 

The results obtained in actively immunized rabbits following inoculation 
with tetanus spores suggest that substantial changes in their serum antitoxin 
levels, even in the absence of signs of disease, signify the occurrence of tetanus 
infection. 

The rise in serum antitoxin levels that took place in animals with initial 
low antitoxin content can be explained, like in many other infections, as due 
to an antigenic stimulus from the toxin elaborated by the proliferating or- 
ganisms. The presence of small amounts of circulating antitoxin may not be 
sufficient to neutralize all the elaborated toxin. The free toxin following con- 
tact with the antitoxin-producing cells may, therefore, act as a secondary 
stimulus to further antitoxin production. It is unlikely that pre-formed toxin 
acted as a stimulus since the spores were treated in a manner to destroy any 
toxin that might have been present, and in a number of animals no secondary 
antitoxin rise followed inoculation with spores. 

Following infection of previously immunized animals the speed at which a 
secondary immune response occurs may differ among individual animals. Dif- 
ferences in response have also been noted among human beings following toxoid 
injections (1, 33). The appearance of signs, as well as the severity of the dis- 
ease may, thus, be influenced by this phenomenon, since a delayed response 
may permit the toxin to reach the nervous system. 

One other point of practical importance in the prophylaxis of tetanus may 
be mentioned here. It is known that in individuals sensitive to horse serum, 
tetanus antitoxin is eliminated from the circulation at an enhanced rate. As 
suggested by Stafford (34) there would be little gained by the administration 
of tetanus antitoxin under these circumstances, since it is unlikely to remain 
in the circulation long enough to have prophylactic value. It would appear 
more rational to administer penicillin or terramycin prophylactically (2, 3) to 
patients sensitive to horse serum, and indeed this is the procedure now being 
followed in the Accident Room of the Johns Hopkins Hospital (34). 


S. PRUDOVSKY AND T. B. TURNER 


SUMMARY 


Studies bearing on the prophylaxis of tetanus were carried out in rabbits 
with the following results: 

1. Serum antitoxin levels following intramuscular administration of tetanus 
antitoxin were not significantly altered by the simultaneous injection of 
tetanus toxoid. 

2. Serum antitoxin levels present as a result of active immunization with 
one injection of fluid tetanus toxoid were significantly lower in animals that 
received it simultaneously with an injection of antitoxin than in those that 
received the toxoid alone. However, after a second injection of toxoid alone 
the serum antitoxin levels were similar in the two groups. 

3. In animals challenged with tetanus spores active immunization proved 
to be much more effective in preventing disease than passive immunization, 
even when large doses of antitoxin were administered. Moreover, actively 
immunized animals had good chances of survival when disease did develop, 
which was not the case in animals passively immunized. 

4. In actively immunized animals inoculated with tetanus spores, the degree 
of immunity was found to be roughly correlated with the serum antitoxin level 
at the time of challenge. 


5. The pattern of serum antitoxin levels in actively immunized animals | | 


following inoculation with tetanus spores suggests that infection may result in 


either an increase or a decrease in antitoxin titer. When initially low levels of ‘ 
antitoxin were present the inoculation was usually followed by rapid and 
marked rises. When the initial levels were high a rapid fall in antitoxin was 
more commonly observed than was a rise. 


CONCLUSIONS 

From the findings cited above the following conclusions may be drawn: 

1. Simultaneous administration of tetanus toxoid and tetanus antitoxin isa | 
practical clinical procedure as long as the two injections are given at different J 
sites. While the action of the first toxoid dose is somewhat suppressed a second 
dose of toxoid after an appropriate time interval elicits a typical rise in anti- 
toxin titer. 

2. High serum antitoxin levels in actively immunized animals afford com- 
plete protection even against large challenge doses of tetanus spores. Further- 
more, even low serum antitoxin levels are beneficial in that some animals may § 
escape disease altogether while others show only localized tetanus. Comparable & 
levels of passively transferred antitoxin are much less effective. 

3. In actively immunized animals a significant change in serum antitoxin 
level within a short time following challenge inoculation indicates the occur- 
rence of tetanus infection even in the absence of signs of tetanus. It is probable 
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that essentially this same phenomenon may occur in human beings. Unchang- 
ing levels probably indicate failure of infection to occur, but the data are not 


—_ adequate firmly to support this conclusion. 
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STUDIES ON THE PROPHYLAXIS AND TREATMENT OF TETANUS 
II. Srupres PERTAINING TO TREATMENT 
With a Note on the Absence of Active Immunity Following Clinical Tetanus 
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Temporary residence of the senior author in Manila where clinical tetanus is 
comparatively common afforded an opportunity to undertake a collaborative 
study on certain aspects of the treatment of this disease. Presented here are 
observations on tetanus antitoxin levels in patients following intramuscular 
and intravenous administration of antitoxin, the effects of antibiotic therapy 
and cortisone in experimental tetanus infections, and an interpretation of these 
findings in terms of certain practical problems in the therapy of the disease. 
In addition, five patients who had previously had severe tetanus were studied 
for evidences of active immunity occurring as a result of that infection. The 
laboratory aspects of the study were carried out principally in Baltimore. 


Antitoxin Levels Following Intramuscular and Intravenous 
Injection of Tetanus Antitoxin 


From observations on both man and animals it is known that the rise in 
blood serum levels of injected antitoxin or other biologically active materials 
is more rapid following intravenous than intramuscular injection (1, 2). It may 
not be appreciated, however, how slow and variable may be the rate of build-up 
of blood serum levels following the latter route of administration. 

Since the hours immediately following the recognition of a beginning case of 
tetanus may be critical ones from the standpoint of life or death, studies have 
been carried out on tetanus patients in Manila in an effort to obtain a clearer 
picture of the differences between the two routes of administration of antitoxin. 

Serum Levels Following Intramuscular Administration. In San Lazaro Hos- 
pital tetanus antitoxin was formerly routinely administered to patients with 
tetanus by the intramuscular route, most patients receiving multiple injections 
during the first few days of illness. Preliminary studies on a few patients who 
for one reason or another received only one intramuscular injection of anti- 
toxin, suggested that maximum levels of antitoxin were not attained until 
several days after the injection. 

Studies were designed to obtain more definitive data on this point, and the 
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results are shown in Table I. Details concerning the determination of antitoxin 
units in blood serum by mouse assay have been described in a previous paper 
(3). Samples of commercially prepared tetanus antitoxin used in therapy were 
tested from time to time and invariably were found to contain an amount of 
antitoxin substantially in excess of that stated on the label. Amounts of anti- 
toxin listed in the tables are those computed from information on the label 
rather than from data obtained in our own assays. 

The first ten patients listed in Table I (Group A) were members of a single 
series in which each received one intramuscular injection of tetanus antitoxin 
in horse serum shortly after admission. Pre-injection samples of serum were all 
negative for tetanus antitoxin. Serum antitoxin levels for most patients were 
determined on specimens secured at 6, 24, 48 and 72 hours, and 7 days after 
the injection of antitoxin. It will be noted that in nearly all patients serum anti- 
toxin levels were low at 6 hours; at 24 hours the results were variable although 
most of the patients had substantial serum levels. Maximum levels were not 
reached, however, until 48 to 72 hours after intramuscular injection. 


Four patients (Group B) were members of another small series that received f 


40,000 units on admission and 20,000 units 72 hours after the first injection. 


TABLE I 


Serum Antitoxin Levels in Tetanus Patients Following One Intramuscular Injection of Tetanus Antitoxin 3 


in Horse Serum 





Antitoxin Units per 1 ml. of Blood Serum at Indicated 


| 
| Units of Anti- Time After Antitoxin Injection 


Patient Age in Years} toxin Adminis- | 
| | tered 





6 hrs. | 24 hrs. | 48 hrs. 72 hrs. | 7 days | Outcome 





80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 
80,000 


| 4.0 | 10.0 | 15.0 | 10.0 | Recovered 
| 20.0 | 30.0 | 15.0 | 10.0 | Recovered 
| 15.0 | 35.0 | 35.0 10.0 | Recovered 
10.0 | 20.0 | 10.0 | 10.0 | Recovered 
4.0 | 10.0 | 15.0 | 10.0 | Recovered 
10.0 | 15.0 | 10.0| 5.0 | Recovered 
10.0 | 15.0| 15.0| * | Recovered 
10.0 | 30.0} — | — | Died 
7.5) — | — | Died 
| 30.0/ — | | — | Died 


| 
| 


| 


dat eed 


SOS #OOONSON 


uaF 


40,000 | | 3. Recovered 

| 40,000 — | 30.0 | Recovered 

| | 40,000 | . ’ Recovered 
40,000 , 0 | Recovered 
| 40,000 | | 20. Recovered 
| - Recovered 
, | Recovered 
| _— Recovered 





* Indicates not tested. 
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It will be noted from Table I that at 24 and 72 hours the antitoxin levels 
followed the same general pattern as in the preceding group. The results of 
antitoxin titrations of serum obtained at 2 and 4 days following the second 
injection of antitoxin are as follows: 


Patient 2 days 4 days 


N. D. 7 units 8 units 
pve 80 units 40 units 
R. R. 20 units 20 units 
V. S. 10 units not done 


The serum levels for the last four patients listed in Table I (Group C) 
represent chance observations made during the early phases of the study. 

Taken as a whole the results given in Table I show that by 6 hours after 
intramuscular injection of tetanus antitoxin in horse serum a relatively small 
proportion of the injected antitoxin can be detected in the general circulation; 
subsequently blood levels increase slowly at variable rates. The slow build-up 
of serum antitoxin levels under those circumstances is probably due to slow 
absorption from the site of injection. 

It is evident that once a maximum serum antitoxin level is reached, usually 
within 48 to 72 hours after intramuscular injection, substantial blood levels 
are maintained until at least the end of the first week, by which time, with 
proper therapeutic management as referred to in succeeding sections of this 
paper, further elaboration of tetanus toxin is not to be expected. In other 
words, multiple doses of tetanus antitoxin would appear to be unnecessary, 
except possibly in the rare circumstance where elimination of antitoxin is 
rapid due to previous injections of horse serum. In such cases a second injec- 
tion might be indicated 72 hours after the first. 

Serum Levels Following Intravenous Administration. Observations were made 
on 7 patients to each of whom 80,000 units of tetanus antitoxin was admin- 
istered in a single intravenous injection. Blood serum antitoxin levels at 6, 
24, 48 and 72 hours, and at 7 days are shown in Table II. 

In sharp contrast to the antitoxin levels observed after intramuscular in- 
jection, all patients showed a high serum level (40 units or more) 6 hours after 
intravenous injection, and good levels were maintained throughout the 7-day 
period following this one injection of antitoxin. Unfortunately, we have no 
observations in these patients until 6 hours after injection. In studies in rab- 
bits however it was determined that high levels obtain throughout this period. 
For example, a typical pattern of antitoxin levels following the intravenous 
injection of 800 units was as follows: 10 minutes post-injection, 90 units; 2 
hours, 90 units; 4 hours, 80 units; 6 hours, 70 units. Similar observations have 
been reported by other investigators (1, 2). 

If speed in neutralization of existing toxin is important—and our knowledge 
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TABLE II develo 





























Serum Antitoxin Levels Following One Intravenous Injection of 80,000 units of Tetanus Antitoxix mens 
| Antitoxin Units per ml. of Blood Serum at Indicated made 
. — | Time After Antitoxin Injection 

Patient Age in Years L Pe ie oR <a hase 0 
| 6 hrs. 24 hrs. 48 hrs. 72 hrs. | 7 days* ' As 
N. F. 44 | 53O | 45 | 30 | 2 | 10 the p! 
M. P. 49 | 45 | 45 45 25 | 10 HB conea 

R.R 15 | 7 | 5S | SO 35 | pe 

N. 0. 17 | 40 | 40 | 25 20 | 10 a 
S. D. 14 | so | 45 | 35 | 30 | 3 rabbit 
R.S | 10 | 100 | so | 70 | 70 | 25 bits, < 

Ss. T 36 | 40 3s | — 30 10 & 

was x | | §61000 : 
* All patients in this series recovered. m spores 
m of 2d 

of the pathogenesis of tetanus suggests that it is highly important—then body 
clearly prompt intravenous injection of antitoxin is indicated in most cases. Per 
. : : , tion 0 
Therapeutic Experiments in Experimental Tetanus inject 
Because of the difficulty of reliable evaluation of therapeutic measures in 9 hours 
naturally occurring tetanus of man, an attempt was made to obtain compara- inject 
tive data on the treatment of induced tetanus in rabbits. However, the experi- ings ¢ 
mentally induced disease was always fulminating in character and all the WH 36 he 
therapeutic measures employed were largely ineffective. ment 


Rabbits were inoculated in the thigh muscles of one leg with 500 or 1000 





were 
tetanus spores suspended in 10 per cent calcium chloride solution. Typical 9) 12 in 
tetanic spasm commonly developed in the inoculated limb within 3 to 4 days, speci 
and this was followed by a rapidly progressing type of disease characterized by injec’ 
opisthotonus and generalized tetanic spasms. Death occurred almost invari- Sir 
ably within 48 hours after the first signs of local tetanus; of more than 0 FW  throt 
animals that developed tetanus and were untreated none survived and all but were 
two died of clinically recognizable tetanus within 48 hours of onset. 3 Tk 
Toxin in the Blood Stream During the Incubation Period. There is a good deal HH serve 
of evidence indicating that the onset of clinically recognizable signs of tetanus hour 
is preceded by a period of several hours or even days, during which tetanus i inoct 
toxin can often be recovered from the blood (4-7). Our own observations on q the < 
this point were made incidental to studies of other aspects of tetanus infection WB drav 
and, therefore, do not represent a definitive study of the problem. = dilut 
The first observations were made on 3 rabbits inoculated intramuscularly in end- 
the right thigh with 1000 tetanus spores in 2 ml. of 10 per cent CaCl. Follow- amo 
ing inoculation, the rabbits were examined several times each day, and were i one- 
bled at 12 hour intervals, with syringes rinsed with heparin as an anticoagu- 1:4 
lant. The bleedings were started just prior to inoculation of the rabbits with @ Plas 


the spores, and were continued until the animals succumbed. All 3 rabbits toh 
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developed tetanus and died within 5 days after inoculation. The blood speci- 
mens were centrifuged and titrations of the plasma for toxin content were 
made in mice by injection of 0.25 ml. amounts intramuscularly at the right 
base of the tail. 

A subsequent experiment was designed to confirm the findings obtained in 
the preceding experiment, and at the same time to determine whether corti- 
sone and penicillin had any effect on the course of the disease or the occurrence 
of toxin in the blood stream. The plan of the experiment was as follows: 12 
rabbits were divided into three groups A, B, and C, each consisting of 4 rab- 
bits, and all animals were inoculated intramuscularly in the right thigh with 
1000 spores in 2 ml. of 10 per cent CaCl. At 48 hours after inoculation of the 
spores cortisone treatment was started on Group A. The treatment consisted 
of 2 daily injections of 3 mg. of Cortone Acetate (Sharp and Dohme) per kg. 
body weight. 

Penicillin therapy of Group B was begun at 72 hours following the inocula- 
tion of the spores with an intravenous injection of 500,000 units. Intramuscular 
injections of 500,000 and 100,000 units, respectively, were given 6 and 12 
hours later. Group C served as controls; however, each control animal received 
injections of sterile saline, equivalent in volume to the cortisone doses. Bleed- 
ings of the rabbits, performed as in the preceding experiment, were begun at 
36 hours following the spore inoculation, since the findings of the first experi- 
ment indicated that no toxin would likely be detected earlier. The bleedings 
were then continued at 12 hour intervals until the animals succumbed. Of the 
12 inoculated rabbits 10 developed tetanus and died within 6 days. The plasma 
specimens were titrated in mice, as before, for toxin content by intramuscular 
injection of 0.2 ml. amounts of the test materials. 

Since the 2 surviving animals remained normal and presumably uninfected 
throughout a period of observation of over 2 months, their blood specimens 
were not included in the titrations and will not be further discussed. 

The results of both experiments are summarized in Table III. It will be ob- 
served from this table that no toxin was detected in the blood prior to 48 
hours, and its first appearance varied between 48 and 108 hours following 
inoculation. The increasing amounts of circulating toxin were correlated with 
the advancing stages of the disease. Except for 2 instances, the plasma with- 
drawn closest to the time of death contained the most toxin. The highest 
dilutions of plasma to produce tetanus signs in the injected mice were taken as 
end-points. The reciprocals of the dilutions were employed in tabulation. The 
amount of toxin required to produce local tetanic spasm in the mouse is roughly 
one-fourth the lethal dose. Hence a serum inducing paralysis in a dilution of 
1:4 would ordinarily kill mice when given undiluted in the same amounts. 
Plasma which was paralytogenic in a 1:32 dilution may therefore be considered 
to have approximately 8 mouse MLD’s per 0.2 ml. or 40 MLD per ml. 








Rabbit No. 
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T 110 
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TABLE III 


Tetanus Toxin in the Plasma in Relation to Signs of Disease and Death 


36 48 60 72 


0 


—_ 





coco; + 





96 


St 


D 
8t 


TURNER, VELASCO-JOVEN, AND PRUDOVSKY 


Amount of Toxin in Plasma at Indicated Hours* 
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* Numbers are reciprocals of highest plasma dilutions that induced local tetanic muscle spasm 
in mice. This amount of toxin is equivalent to approximately 0.25 MLD for the mouse in 0.2 mi 
plasma or 1.25 MLD per ml. 


t First clinical signs of tetanus. 


The amounts of toxin varied in different rabbits, and in two instances di- 
minished after onset of signs. However, in all animals the toxin persisted until 
death. Similar findings have been reported by Bolton and Fisch (4) in exper 
ments on horses, and by McClintock and Hutchings (5) working on sheep. 

Perhaps the most significant finding is that toxin was usually detectable in 
the blood stream 12 to 24 hours before the onset of signs of tetanus, in two 
instances as long as 36 hours before onset. Treatment with cortisone or peni- 
cillin was found to have no decided effect on the blood toxin pattern in thes 7 
animals, although in view of the data given in Table IV it seems likely that 7 
the production of toxin is reduced or eliminated by penicillin. These findings 
are not in conflict with those reported by Anwar and Turner (8) in which the 
preventive action of penicillin was demonstrated, for here toxin production 
had begun or was soon to begin at the time penicillin was administered. It 
should be noted that in two animals death ensued even though the toxin con- 
tent of the blood plasma remained relatively low. 


Therapeutic Effect of Tetanus Antitoxin With and Without Penicillin 


Despite many pessimistic reports in the literature the evidence obtained 
both from man and animals indicates on balance that tetanus antitoxin is o 
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TABLE IV 
Therapeutic Results in Experimental Tetanus of Rabbits 





_— . . Number of Number in Which Number 

Type of Therapy Exp. No. Rabbits Life Prolonged Surviving 
Antitoxin only* (Heterologous I 4 2 0 
serum) II 8 2 1 
III 6 3 0 
Total 18 7 1 
Antitoxin plus penicillint (Het- I + 2 0 
erologous serum) II 6 4 1 
Ill 6 3 1 
IV 9 4 1 
Total 25 13 3 
Antitoxin and penicillin (Homo- IV 9 3 0 

logous serum) 

No treatment{ Total 10 0 0 


} Antitoxin as in *, plus 500,000 units of crystalline penicillin intravenously in one dose and 
150,000 units of bicillin intramuscularly at the same time. 


{ Controls used in Experiments I, II, III and IV 


some value therapeutically, although its usefulness may be largely limited to 
patients who come under treatment early with a type of disease which is not 
rapidly progressive. 

In these studies 500 or 1000 tetanus spores suspended in 10 per cent CaCl, 
solution were injected into rabbits, and the animals were observed at 2-4 
hour intervals except from mid-night to 9 a.m. Treatment was given at the 
first signs of tetanus to those animals developing signs of the disease between 
9 a.m. and mid-night; animals developing the first signs of tetanus between 
mid-night and 9 a.m. were used as untreated controls. Prolongation of life 
beyond 48 hours from the first appearance of signs of tetanus was taken as an 
indication of some effect of the particular therapeutic procedure under test. A 
summary of results of several experiments is given in Table IV. 

It is evident that no treatment employed was very effective, probably 
because in many animals tetanus toxin had already been irreversibly fixed in 
the central nervous system prior to the appearance of signs of tetanus and the 
institution of specific therapy. Nevertheless, in each of the groups receiving 
tetanus antitoxin, either with or without penicillin, life was prolonged in some 
animals, and when all the groups are considered together the results become 
statistically significant. No significant differences were obtained, however, 
when penicillin in large doses was given in addition to antitoxin. Indeed, in 
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dealing with so fulminating a disease it is not to be expected that elimination 
of tetanus infection would materially affect the results. 

In many of the rabbits in which life was prolonged it is probable that had 
the animal received the equivalent of good supportive treatment through an 
extended period of prostration its life might have been saved. 


Antitoxin in Homologous Versus Heterologous Serum 


Since there are certain theoretical advantages in using homologous serum 
in the treatment of human beings, an experiment was designed in rabbits to 


determine whether there were marked qualitative differences in the therapeutic | 
effectiveness of tetanus antitoxin in homologous as compared with heterologous © 


serum. The homologous serum-antitoxin was obtained from actively immunized 
rabbits, while the heterologous serum-antitoxin was the commercially available 
horse serum preparation. The results as given in Table IV fail to show signif- 


cant qualitative differences between the two types of antitoxin preparations. 3 
It should be noted, however, that the concentration of antitoxin in the ho 7 


mologous serum was only one-tenth that in the commercial preparations (total 2 


dose of 1000 units compared with 10,000 units). These data do not preclude 
the possibility that unit for unit homologous serum antitoxin might be more 
effective. 


Cortisone in Experimental Tetanus 


In view of the reports in the literature suggesting that cortisone might be oi 
some value in the treatment of patients with tetanus (9, 10), an effort was 


made to determine its therapeutic value in experimentally induced tetanus in 7 
rabbits. Cortisone in relatively large doses (6-12 mg. per kilo body weight per © 
day) was administered alone (10 animals) or along with antitoxin (3 animals) © 





or antitoxin and penicillin (3 animals). No therapeutic effects, either favorable fe 
or adverse, were noted. Similar observations in mice were reported by Greene, | 


et al. (11). 

It should be noted that Chang and Weinstein (12) have recently reported 
that cortisone in experimental tetanus of mice actually had a deleterious 
effect. Since, however, in those experiments tetanus was induced by the injec- 
tion of toxin their results are not directly comparable to ours. 


Immune Response to Tetanus Infection 


Of some theoretical interest at least is the question as to whether clinical | 
tetanus in man leads to the development of active immunity. Martin and Mc | 
Dowell (13) collected reports on 60 persons in whom two clinical attacks of | 
tetanus had been observed, suggesting that one attack does not confer im 7 


munity to a second attack. 
The present study includes five patients, four observed in the Philippines 
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and one in Baltimore’ each within 3 months of the clinical attack. Tests were 
made for the presence of antitoxin in the patients’ blood serum during con- 
valescence. In addition each patient was given an injection of 0.5 ml. of fluid 
tetanus toxoid and his serum tested for antitoxin at 2 and 4 weeks after the 
injection. A large body of clinical and experimental evidence indicates that if 
basic immunity has been established injection of a “‘booster’’ dose of toxoid 
will induce a prompt and substantial rise in serum antitoxin level (3, 15). 

In none of the five patients was there a detectable level (i.e. 0.0025 units 
per ml. of serum) of tetanus antitoxin either before or at two and four weeks 
after the dose of toxoid. These results suggest that ordinarily little or no 
active immunity develops as a result of clinical tetanus. Since tetanus toxin is 
one of the most potent poisons known, it is probable that only those patients 
survive who have been exposed to a minimum amount of toxin, too small an 
amount to afford a substantial antigenic stimulus. 

It has been determined by Zuger, ef al. (14) and in our laboratory (15), 
however, that guinea pigs and rabbits which have a degree of immunity as a 
result of artificial active immunization, frequently show significant rises in 
serum antitoxin levels following challenge inoculation of tetanus spores, re- 
gardless of whether or not they develop signs of tetanus. It is quite possible 
that essentially the same phenomenon occurs in actively immunized human 
beings following unrecognized natural infection with Clostridium tetani. 


Implications of Findings in Terms of Practical Therapy 


Tetanus is largely a preventable disease and every patient with tetanus 
represents in a sense a failure in preventive medicine. But cases continue to 
occur, if only rarely in some areas, and the fatality rate continues to be high, 
in the order of 20-40 per cent, even with the best modern treatment. 

Every case of tetanus must, therefore, be regarded with the utmost gravity, 
for the presenting symptoms may be disarmingly mild, and yet the patient 
may go on to severe generalized tetanus and death. The reason for such an 
unpredictable course is that the clinical picture at any given moment reflects 
events that took place 12 to 48 hours previously, and the changes thus induced 
may at the time be irreversible. 

Thus, as reported earlier in this paper, tetanus toxin can be commonly re- 
covered from the blood stream of experimentally infected animals 12-36 hours 
before the onset of any symptoms, and isolated observations in man suggest 
that a similar situation obtains there, too (6). Once tetanus toxin has been 
fixed in the cells of the central nervous system its pharmacological action 
cannot be reversed by specific antitoxin or other known means, and the course 
of the resulting disease phenomena is affected only by symptomatic treatment. 


*The authors are indebted to the house staff of The Johns Hopkins Hospital for the 
opportunity to make observations on this patient. 
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The management of a case of tetanus should, therefore, be divided into three 
principal stages, each with a well-defined objective. These stages and the salient 
points of treatment in each, are as follows: 

1. The first few hours following diagnosis. 

Although the action of toxin which has already been fixed in the central 
nervous system cannot be reversed, further invasion of the nervous system 
can be stopped; the promptness with which this is done may make the 
difference between life and death. Every case of tetanus should, therefore, be 
regarded as a medical emergency, and the following steps taken, in the order 


listed to neutralize tetanus toxin already formed and to stop the elaboration § 


of more toxin: 
(a) Whenever feasible, the immediate administration of tetanus antitoxin 
by the intravenous route. Our patients were given 80,000 units in a single 
injection, but in the light of the observed high serum levels this amount 
could probably be reduced by half. The total volume of antitoxin in horse 


serum—approximately 32 ml.—was injected through the rubber tubing of y 
a venoclysis of 5 per cent dextrose solution, over a period of 20 to 0§ 
minutes. This procedure permitted some dilution of the horse serum with- | 


out delay in completing administration of the antitoxin. Perhaps the addi- 


tion of the antitoxin to about 200 ml. of 5 per cent dextrose solution and § 


the whole given by venoclysis would serve equally as well, and indeed © 


undiluted antitoxin in horse serum can be given with impunity once it 
has been assured that the individual is not highly sensitive. 
All patients were tested for sensitivity to horse serum by the usual 


sat 


intradermal test. Where sensitivity was manifest adrenalin chloride 1 ml. § 


of 1:1000 solution was given intramuscularly 15 minutes before adminis- 
tration of antitoxin was started and an antihistamine drug (Benadryl or 


ie 


Ephedrine) was given during the first few hours of treatment. In all, 62 E 


patients were treated with intravenous antitoxin in San Lazaro —s 
during the course of this study without the occurrence of symptoms sug- 


Pa 


gesting anaphylactic shock. However, 12 patients developed a rash and | 3 


4 others developed other evidences of serum sickness. 


(b) Administration of 1.2 million units of bicillin intramuscularly. The 


purpose of this antibiotic therapy is to destroy Cl. tetani, prevent further 


elaboration of toxin, and to forestall late relapses. The use of a prepara a) 
tion of penicillin that provides an effective blood level of the drug over 2 & 
period of several days obviates the necessity of disturbing the patient for 


additional injections. 


(c) Debridement in cases in which the infected area can be identified. In i 
a substantial proportion of cases, however, no site of injury or other § 


recognizable focus of Cl. tetani growth can be found. The hazards of 
general anesthesia during the course of tetanus should be considered. 
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2. Stage of symptomatic treatment. 
Once the specific therapy outlined above has been given, attention should 
be turned to anticipating and combating the effects of generalized tetanus 
which may develop as a result of toxin that reached the central nervous 
system prior to admission to the hospital. Some of the steps in the manage- 
ment of this stage of the disease are given below; reference is made also to 

the excellent discussion of the problem by Ablett (16). 
(a) No further specific therapy. Additional doses of either antitoxin or 
penicillin are not indicated, and indeed are definitely contraindicated, for 
they serve no useful purpose and only disturb the patient and increase the 
risk of reactions. As noted in a previous section one large dose of antitoxin 
provides adequate blood levels for at least several days or for the time 
during which toxin is being elaborated. In both man and experimental 
animals tetanic spasms commonly persist for days or weeks after the in- 
fection has been eliminated. In other words, the persistence of generalized 
tetanic spasms over a period of days does not signify the persistence of 
neutralizable tetanus toxin either in the blood stream or in the tissues. 
(b) Measures to lessen excitability and the tendency to tetanic spasms and 
convulsive seizures. These include wherever possible a quiet darkened 
room, a minimum of manipulative procedures and examinations, and 
moderate sedation. The newly introduced tranquilizing drugs such as 
thorazine or chlorpromazine have been used but it is not yet clear whether 
the relief of a degree of anxiety in the patient and their other pharma- 
cological effects materially influence the outcome. 
(c) Measures to counteract respiratory difficulty. Tracheotomy for laryngeal 
spasms and the use of the mechanical respirator, either with or without 
curarization in the presence of severe involvement of the diaphragm, or 
accessory muscles of respiration may be life saving. The use of various 
so-called muscle relaxants such as 3-ortho-toloxy-1, 2-propanediol (me- 
phenesin, myanesin, tolserol) has been proposed, but the action of these 
drugs in so far as tetanic spasms are concerned is so transitory that their 
value is open to question. 

From our own experience, myanesin given intravenously at the onset 

of severe convulsive seizures may have some temporary antispasmodic 
effect, but it is doubtful whether this treatment significantly influences 
the final outcome. We could demonstrate no favorable action in the ex- 
perimental disease in rabbits. 
(d) Good supportive treatment and nursing care. Artificial preservation of 
fluid and electrolyte balance is particularly important because of the 
greatly increased muscular activity. Accumulations of mucous in the 
pharynx should be removed by suction. 
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3. Stage of recovery. 

Severe or prolonged tetanic spasms are usually accompanied by a marked 
loss of weight, which should be treated by appropriate dietary measures, 
Artificial active immunization against tetanus should always be started be. 
fore the patient leaves the hospital and continued to completion where 
practicable. 

DISCUSSION 
The fatality rate in tetanus remains disconcertingly high and is likely to 
continue so until pharmacological means of reversing the action of tetanus 
toxin on nerve cells become available. The prognosis in a given case depends 
to a great degree upon the amount of toxin that has been fixed in the central 


nervous system prior to the initiation of treatment; if this has been large 
probably no treatment now available can avert death. Perhaps the best prog. 


nostic guide to the outcome of clinical tetanus in man is not the length of the 


incubation period per se, but the lapse of time from the first signs of tetanus 


to the first generalized tetanic spasm; if the latter is short, the prognosis is 


grave regardless of the length of the incubation period (16). 


At the time of admission to the hospital it is often impossible to estimate the 


degree of damage already done so that two therapeutic objectives should be 
paramount, since attainment of either or both of these may save the patient. 
These objectives are, first, promptly to place an immunological barrier against 
the further absorption of tetanus toxin; and second, to assist the seriously 
ill patient through the period of greatest danger. 

The observations presented here bear on two facets of specific therapy. 


First, the experimental evidence indicates that tetanus antitoxin has some § 


therapeutic value despite pessimistic reports in the literature. 


Secondly, the administration of tetanus antitoxin by the intravenous route 


advances by many hours the point at which seemingly effective blood levels 
would prevail, in comparison with the intramuscular route of injection. It 
seems reasonable to conclude that this difference may in itself be determinative 
in at least a small proportion of cases. 


Finally, on the basis of experiments the details of which were presented in 5 


a previous paper (15), it seems evident that prior active immunization greatly 
enhances the favorable prognosis even when the immunity is not of a high 
order. 


SUMMARY AND CONCLUSIONS 


1. Comparison of blood serum levels of tetanus antitoxin following intra- 
muscular and intravenous administration of a single dose of 80,000 units of 
tetanus antitoxin in horse serum were made in patients with tetanus. Six hours 
following intramuscular injection, the antitoxin level in 9 patients varied from 
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0.5 to 7.5 units, with all but 3 having levels below 3.0 units; at 24 hours levels 
in 10 patients varied from 4 to 25 units, the medium figure being 10 units. 
Maximum levels were attained 48-72 hours after injection, with good levels 
being maintained for at least 7 days. With smaller doses of antitoxin serum 
levels tended to be correspondingly lower. 

2. Following intravenous administration of 80,000 units the 6-hour blood 
serum levels in 7 patients were 40 units or higher. Approximately these same 
levels were maintained for 48 hours, with the 7-day levels being about the 
same as observed following intramuscular injection. 

3. In experimentally induced tetanus of rabbits only an occasional animal 
could be saved by any form of therapy when the treatment was started after 
the onset of signs of tetanus. Intravenous administration of large doses of 
tetanus antitoxin did however lead to prolongation of life as compared with 
controls in one-third to one-half the animals. The administration of penicillin 
in addition to antitoxin yielded somewhat better results although the difference 
was not statistically significant. No beneficial effect could be demonstrated by 
the use of cortisone. Tetanus antitoxin in homologous serum gave about the 
same results as antitoxin in horse serum, although the total number of units 
of antitoxin contained in the rabbit serum preparation was considerably lower 
than that contained in the horse serum. 

4. Five patients who had been hospitalized with tetanus were subsequently 
studied for evidence of acquired immunity. In no patient were there detectable 
levels of tetanus antitoxin in the blood serum within three months of the 
clinical attack and the pattern of serological response to an injection of tetanus 
toxoid was that of a primary rather than a secondary stimulus. It is concluded 
that a clinical attack of tetanus does not ordinarily result in the acquisition of 
significant degrees of active immunity to this disease. 

5. In the light of the foregoing results and our knowledge of the pathogenesis 
of tetanus it is concluded that a case of tetanus should be regarded as a medi- 
cal emergency and such patients promptly be given a single large dose of 
tetanus antitoxin by the intravenous route, steps being taken to minimize the 
chance of anaphylactoid reactions. It is believed that the much more rapid 
induction of high serum levels of antitoxin by the intravenous route of ad- 
ministration affords potential therapeutic advantages which outweigh the 
somewhat enhanced risk, in all but the mildest cases of tetanus. 
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Since the isolation of thyroxine from the thyroid gland by Kendall (1) in 
1915 and the identification of its structural formula by Harington and Barger 
(2) in 1927, much work has been done to elucidate the remarkable metabolic 
potency of this compound. As yet, however, the mechanism by which thy- 
roxine accelerates metabolism is not clearly defined. Through investigations of 
the metabolic properties of analogues of thyroxine it has been possible to 
delineate, at least in part, those portions of the thyroxine molecule necessary 
to effect metabolic action. Such studies of analogues of thyroxine have been 
numerous and they fall into two major phases. The first of these came when 
it was considered that thyroxine, when given by the oral route, was ineffective 
in myxedema, and a search for a potent compound was initiated by Ashley 
and Harington (3). Although it is now recognized that thyroxine is effective 
orally, as perhaps might have been anticipated by the known potency of 
desiccated thyroid which contains thyroxine, the works of Harington and of 
many others were significant in clearly showing that of several analogues of 
thyroxine studied, none had greater metabolic activity than thyroxine. 

The second and current phase of investigation of thyroxine analogues came 
as a result of three separate major contributions. Firstly, Woolley (4) indi- 
cated that certain analogues possess properties which inhibit thyroxine action 
in the metamorphosis of tadpoles. Then, Hems and his associates (5) in a 
series of careful chemical studies made innovations which simplify the syn- 
thetic preparation of thyroxine and related compounds; it has thus become 
possible to prepare many new analogues for investigation. Lastly, Gross and 
Pitt-Rivers (6) and Roche, Lissitzky and Michel (7) identified a new thyroid 
hormone, triiodothyronine, which possesses most unusual metabolic proper- 
ties. Several reviews pertaining to thyroxine analogues have recently been 
published (8-11). 

Continued investigations of thyroxine analogues may give insight not only 
into the mechanism of thyroxine action but also may assist in an understand- 
ing of the metabolic pathways and the degradation products of thyroxine. 
For example, triiodothyronine may result from enzymatic deiodination of 
thyroxine in tissues (12), or as an endocrine product manufactured by the 
thyroid gland (13). Evidence that it can occur from either source is secure, 
but which represents the more important source in bodily function is un- 
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known. What, then, is the metabolic fate of triiodothyronine? Pitt-River 
suggests that deamination to triiodothyroacetic acid is likely, and there js 
experimental evidence in support of this (14). Moreover, through investigation 
of basic cellular activity, as recently initiated by Lardy (15, 16) and by Lehn. 
inger (17) and their respective associates, it has been possible to ascertain the 
effect of thyroxine analogues in vitro on oxidative phosphorylation and on the 
metabolism of mitochondria. Of importance to the clinician, however, is the 
hope that such studies may result in the finding of a compound which will 
effectively inhibit the action of the thyroid hormone, for at present the clini- 


cian has no method of treating hyperthyroidism at the “‘cellular level.” Present 
g§ Oyp y i 


methods prevent thyroxine formation either by partial ablation of the gland 


by means of surgery or radiation or by preventing thyroxine synthesis witha | 
so-called antithyroid drug. A drug which will block thyroxine already re. J 


leased to the circulation would be effective, of course, in the treatment oj 
severe thyrotoxicosis and of thyroid “‘storm.” 
The papers which follow represent our continuing effort to extend knowledge 
of the thyroid hormone through studies of thyroxine analogues. 
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The potency of /- and d/-thyroxine and of /- and d/-triiodothyronine has been 
investigated in this study by determining the effectiveness of these com. 


pounds in inhibiting thiouracil-induced goiter in rats. The assay presumably 


measures the ability of these substances to prevent the goitrogenic effect of 
endogenously produced thyrotropic hormone on the thyroid gland. The ac. 
tivity of a compound assayed by this method, however, is not necessarily the 


same as that measured by its effect on the metabolism of tissues. The studies 
reported herein were devised to investigate, by means of the “goiter prever- | 
tion’’ assay, the effects of /- and dl-thyroxine and of /- and dl-triiodothyronine } 


in order to establish the characteristics of the dose-response relationship for 


each of these compounds and to evaluate their comparative antigoitrogenic } 


effects. 


METHODS 


The goiter prevention method employed was that described by Cortell (1); the methoé 
was modified in that thyroidectomy was performed in anesthetized rather than in dead rats 
Eight experiments were performed, each designated by number in Table I. The assays wer 
carried out in sequence during a period of one year. In each experiment several groups «i 


animals were used, each group containing ten male albino rats of the Sprague-Dawley strain § 
The weights of the animals in each experiment did not vary more than 30 grams. The feed J 
was Purina dog chow. The rats of one group in each experiment were permitted to drink ta & 


water ad libitum; the rats of all other groups drank 0.1 per cent aqueous solution of thiouracl 
ad libitum. Animals were injected subcutaneously each day for ten days with the appropriate 
compound in doses as listed in Table I. The concentration of each solution was such that each 
rat received a volume of 0.1 ml. with each injection. On the 11th day the rats were weighe! 


and anesthetized with ether. Each thyroid gland was removed, rinsed in normal saline § 
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TABLE I 


Inhibitory Effect of \- and dl-Thyroxine and of \- and dl-Triiodothyronine in Various Dosages on 
Thiouracil-Induced Goiter in Rats 


| H, mata Wai Per Cent 
Drinking Solution Compound Thyroid ‘Weight | ‘tahibi- 
S.D. tion 


(average | (wgm./100 | 

| in gm. of | | gm. body | 

10 rats) | | we.) 

| 129 Tap water Saline | 7.0 

| 172 Tap water | Saline | 7.4 

8.3 
2 


- 
(mgm./100 gm. 
body wt.) 


—~— © 


181 Tap water Saline 

229 | ‘Tap water Saline 6. 
Tap water Saline 6. 
Tap water | Saline 5. 
Tap water Saline | ¢@, 
Tap water | Saline S. 
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.1% Thiouracil | Saline 17. 
.1% Thiouracil | Saline | 2: 
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.1% Thiouracil | /-Thyroxine 
-1% Thiouracil | /-Thyroxine 
.1% Thiouracil | /-Thyroxine 
1% Thiouracil | /-Thyroxine 
1% Thiouracil | /-Thyroxine 
1% Thiouracil | /-Thyroxine 
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TABLE I—Continued 


Ex- | | : : | Per Ce 
; | Body | a : . | Thyroid Weight | vent 
peri- | we: | Drinking Solution Compound Dose . | Inhibi- 
ment | Weight | + S.D. 
(average 

| im gm. of 
| 10 rats) 


380 
375 
377 
248 
222 
243 
251 
216 
200 
167 





| (ugm./100 | 


gm. body (mgm./100 gm. 
wt.) 


body wt.) 
.1% Thiouracil | /-Triiodothyronine 0.02 
.1% Thiouracil | /-Triiodothyronine | 0.03 
.1% Thiouracil | /-Triiodothyronine | 0.07 
.1% Thiouracil | /-Triiodothyronine | 0.15 
.1% Thiouracil | /-Triiodothyronine | 0.23 
.1% Thiouracil | /-Triiodothyronine | 0.3 
.1% Thiouracil | /-Triiodothyronine 0.42 
.1% Thiouracil | /-Triiodothyronine 0.69 
.1% Thiouracil | /-Triiodothyronine | 1.05 
.1% Thiouracil | /-Triiodothyronine 
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blotted lightly on moist filter paper and weighed on a torsion balance. Accurate dissection 
was more difficult in those rats with a large goiter because of extensive vascularity, hy- 
peremia and friability of the gland. 

The solutions were prepared by dissolving monosodium /-thyroxine pentahydrate; 
thyroxine crystals Squibb,® di-thyroxine,’ 3,5 ,3’-/-triiodothyronine® or 3,5 ,3’-dl-triiodo- 
thyronine hydrochloride’ in dilute sodium hydroxide, adjusting the pH to 8.5 to 9. The 
quantities of monosodium /-thyroxine pentahydrate and dl-triiodothyronine hydrochloride 
were calculated so that the solution would contain the designated amounts of thyroxine or 
triiodothyronine respectively. The control material was 0.9 per cent sodium chloride in 
aqueous solution. Solutions were kept under refrigeration during the course of each ex- 
periment. No scarring or induration occurred at the sites of injection in the animals. 





5 The sodium /-thyroxine pentahydrate was supplied by Smith, Kline and French Labo- 
ratories, and was stated to be 99.1 per cent pure. 

6 Thyroxine crystals Squibb was furnished by E. R. Squibb and Sons; this material was 
reported by Dr. J. O. Lampen, Director Biochemical Research Division, The Squibb In- 
stitute for Medical Research, to have an optical rotation of —4.5° and was therefore con- 
sidered to be approximately 90 per cent /-thyroxine. 

7 Synthetic dl-thyroxine was supplied by Hoffmann-LaRoche, Inc., and was said to have 
no optical activity. 

8 The 3,5,3’-I-triiodothyronine was obtained through Smith, Kline and French Labo- 
ratories from Glaxo Laboratories, Ltd. where it was synthesized. 

® The dl-triiodothyronine hydrochloride was obtained from Hoffmann-LaRoche, Inc. 
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The weight of each thyroid gland was recorded in milligrams per 100 grams of body 
weight; for each group these weights were averaged and the standard deviation determined. 
The per cent inhibition for each compound tested was calculated as described by Frieden 
and Winzler (2): 

per cent inhibition of goiter = 100 (X — Y)/(X — WN), 


where X = thyroid weight of the animals receiving thiouracil and injections of saline, Y = 
thyroid weight of the animals receiving thiouracil and injections of a test compound and NV = 
thyroid weight of the animals receiving tap water and injections of saline. 


RESULTS 


The results are shown in Table I. In general, the standard deviations of the 
average weight of the thyroid glands were greater in those groups of rats with 
the least inhibition of goiter. Accordingly, there is greater accuracy in the de- 
termination of the dosage of a compound necessary to induce complete inhibi- 
tion compared to that necessary to produce partial inhibition of goiter. No 
statistical significance can be applied to degrees of inhibition of less than 50 
per cent. 

The minimum dose of /-thyroxine necessary to produce significant inhibi- 
tion of thiouracil-induced goiter was approximately 1.2 yug./100 gm. body 
weight. In general, increments in dosage of this compound resulted in cor- 
responding increases in the degree of inhibition of goiter. A dose of 2.6 yg./ 
100 gm. body weight of /-thyroxine produced complete inhibition. 

Thyroxine crystals Squibb was effective in the inhibition of thiouracil- 
induced goiter in doses comparable to that of /-thyroxine; its activity was 
apparent at a dose of 1.35 ug./100 gm. body weight and suppression of goiter 
approached completeness at 2.7 ug./100 gm. body weight. 

Doses of synthetic di-thyroxine of 3.5 ug./100 gm. body weight or greater 
appeared to produce complete inhibition of goiter. This assay is incomplete, 
since only three levels of dosage were employed. 

Both /- and di-triiodothyronine were effective in preventing thiouracil- 
induced goiter in dosages considerably smaller than those of thyroxine. With 
l-triiodothyronine significant suppression of goiter occurred at a dose of 0.15 
ug./100 gm. body weight and complete suppression at a dose of 0.42 ug./100 
gm. body weight. The minimally effective dose of di-triiodothyronine was less 
than 0.3 ug./100 gm. body weight, and complete inhibition occurred at doses 
of 0.42 ug./100 gm. body weight. Thus, the effectiveness of /- and dl-triiodo- 
thyronine appeared to be of similar magnitude. 


DISCUSSION 


This study indicates that the minimal dose of /-thyroxine necessary to pre- 
vent goiter formation in the thiouracil-treated rat is approximately 2.6 ug./ 
100 gm. body weight per day. The results of other investigations in which 
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similar methods of assay were employed are in reasonable agreement with the 
work reported herein (3-5). 

Thyroxine crystals Squibb was originally considered to be a racemic mix- 
ture, and the experiments reported here were designed with this in mind; 
however, this material, isolated from natural sources, has been shown by 
physical methods to contain ninety per cent of the thyroxine in Jevo form 
(cf. footnote 5). Accordingly, it is not surprising to note that its antigoitrogenic 
activity approximates that of /-thyroxine. 

Since synthetic di-thyroxine was assayed at only three dosage levels, it 
seems inadvisable because of limited data to compare its activity with /-thy- 
roxine. It appears, however, that the quantity of dl-thyroxine required daily 
to prevent goiter in a thiouracil-treated rat is in the range of 3.5 ug. to 5.1 yg. 
per 100 gm. body weight. This is in agreement with the recent report of Mussett 
and Pitt-Rivers (6). 

The daily dose of /-triiodothyronine necessary to inhibit the goitrogenic F 
effect of thiouracil in rats is approximately 0.42 yug./100 gm. body weight. §j 
These data suggest that on a weight basis /-triiodothyronine is six times as | 
active as /-thyroxine. This ratio is in agreement with the results of Gross and 
Pitt-Rivers (5), Tomich and Woollett (7), Heming and Holtkamp (8) and 
Colville and Bonnycastle (9). ' 

The amount of dl-triiodothyronine required to prevent goiter in thiouracil- 
treated rats is comparable to that of /-triiodothyronine, suggesting but by no | 
means establishing that in so far as the antigoitrogenic property of d-triiodo- J 
thyronine is concerned, it is as potent as its /evo enantiomorph. This result | 
differs from that of Gross and Pitt-Rivers (5) who reported that in the goiter @ 
prevention method, d/-triiodothyronine had 59 + 24 per cent the activity of § 
l-triiodothyronine and that d-triiodothyronine had 7 + 2.4 per cent the § 
activity of /-triiodothyronine. 

It is not known whether alterations in optical activity of thyroxine or tri- § 
iodothyronine occur following parenteral administration; enzyme systems ca- 
pable of altering both /evo and dextro rotatory forms of amino acids may exist. § 
Moreover, the optical stability of the compounds in solution is not known; it | 
has been stated (10) that the /evo forms of thyroxine and triiodothyronine are 
optically stable up to three weeks when the solutions are concentrated and | 
are kept refrigerated. It is to be pointed out that the optical rotation of the 
compounds herein reported was not determined after the material had been 
kept in solution for 10 days. Racemization during storage may have influenced 
the results of these studies. 

Although the technical aspects of these experiments are relatively simple, 
certain factors may alter the response of the rats. These include season of the 
year, age of the animals, environmental temperature and humidity and quan- 
tity of thiouracil solution ingested. The influence of these factors on the results 
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of the goiter prevention assay have not been adequately studied and may 
account for some of the observed variations noted in the Table. 


SUMMARY 


The daily dose of /-thyroxine required to prevent goiter in thiouracil-treated 
rats is about 2.6 wg. per 100 gm. body weight. L-triiodothyronine produced 
complete inhibition of goiter at a daily dose of 0.42 ug. per 100 gm. body 
weight; the dose of di-triiodothyronine required to achieve this effect is similar 
to that of /-triiodothyronine. L-triiodothyronine is approximately six times as 
active as /-thyroxine on a weight ratio in this method of assay. 
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The determination of the chemical structure and the accomplishment of the 
synthesis of thyroxine (1) initiated investigation directed toward elucidation 
of the relationship between molecular structure and biologic activity of the 
thyroid hormone. Through studies of analogues of thyroxine (2-5), emphasis 
has been centered upon the effects on biologic activity induced by (a) various 
modifications in the positions of iodine and other halogens on the pheny! por- 
tions of thyronine, (b) substitutions for iodine by non-halogen groups such as 
—NO, or —CH; and (c) alterations in the structure and length of the alanine 
side-chain, the phenolic hydroxyl group and the diphenyl ether position of the 
thyronine molecule. 

Until recently, it had been long considered that thyroxine (3,5, 3’ ,5’-tetra- 
iodothyronine) was biologically the most potent halogenated thyronine. The 
discovery of the naturally occurring and remarkably potent compound 
3,5, 3’-triiodothyronine has necessitated further evaluation of the importance 
to biologic activity of each of the possible halogen positions. Recent investiga- 
tions (5, 6) of the biologic properties of several synthetic mono-, di-, and tri- 
halogenated thyronines have indicated that of those possessing an iodine atom 
on the 3 position, the single addition of a second iodine in the 3’ position 
(3 ,3’-diiodothyronine) is of greater biologic effect than introduction of iodine 
in both the 3’ and 5’ positions (3 , 3’ ,5’-triiodothyronine). Moreover, in general, 
the presence of halogen atoms in the 3,5 positions along with a single halogen 
atom in the 3’ position results in the maximum biologic activity of that par- 
ticular halogen series; further addition of a halogen in the 5’ position usually 
diminishes, rather than enhances potency (6). Of the halogen substitutions, 
iodine appears to confer the maximum potency. Reviews of the biologic ac- 
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tivity of structural analogues of thyroxine both im viiro and in vivo have 
recently been published by several investigators (2-8). 

The present study was undertaken to investigate several analogues of 
thyroxine with respect to their property of inhibiting goiter induced in rats 
by the administration of thiouracil. This assay represents the measurement of 
a single parameter of the function of the thyroid hormones and in no way 
implies that compounds which exhibit this property will have other properties 
similar to thyroxine. 


MATERIALS AND METHODS 


All compounds were assayed in rats of the Sprague-Dawley strain by the goiter preven- 
tion method previously described (9). The animals weighed between 156 and 267 grams at 
death. Solutions were prepared by dissolving the compounds in dilute sodium hydroxide and 
adjusting the final pH to 8.5 to 9.5. All solutions were kept refrigerated. Subcutaneous in- 
jections of each solution varied in volume from 0.1 to 0.2 ml. and were administered daily for 
ten days. The thyroid glands were weighed on a torsion balance. 

The analogues of thyroxine studied were: 

3,5-diiodo-4-(4’-hydroxy-3’ ,5’-diiodophenoxy)—benzoic acid’ (“carboxylic acid” ana- 

logue) 

3, 5-diiodo-4-(4’-hydroxy-3’ , 5’-diiodophenoxy)—cinnamic acid® (“acrylic acid’”’ analogue) 

3,5-diiodo-4-(4’-hydroxy-3’ , 5’-diiodophenoxy)—phenylpropionic acid® (“propionic acid” 

analogue) 

3 ,5-dinitro-4-(4’-hydroxy-3’ ,5’-diiodophenoxy)—cinnamic acid® (3,5-dinitro-3’ ,5’-di- 

iodo-Acrylic Acid Analogue) 

3,5-dinitro-4-(4’-hydroxy-3’ ,5’-diiodophenoxy) — phenylpropionic acid® (3,5-dinitro- 

3’ ,5’-diiodo-Propionic Acid Analogue) 

3,5-dinitro-l-thyronine® 

3,5-dinitro-3’ , 5’-diiodo-I-thyronine® 

3 ,5-diiodo-l-thyronine’ 

Sodium-/-thyroxine and 3,5,3’-l-triiodothyronine were used as reference compounds.’ Per 
cent inhibition has been expressed as previously described (10). 


RESULTS AND DISCUSSION 


The results are shown in Table I. The “carboxylic acid’”’ analogue failed to 
exhibit antigoitrogenic activity in doses of approximately 20 and 44 times the 
minimum dose of /-thyroxine which produced complete inhibition of goiter. 
This is in agreement with a previous report in which this analogue was shown 
to have no antigoitrogenic activity in doses of 0.25 to 0.50 mg./100 gm. body 
weight (10) while it had 16 to 19 per cent the effect of /-thyroxine by the tad- 
pole metamorphosis assay (10-12). On the other hand, the “‘acrylic acid” and 


*Kindly furnished by Dr. B. A. Hems of Glaxo Laboratories, Ltd., London, England. 

* 3,5-dinitro-3’ ,5’-diiodo-l-thyronine was prepared by the iodination of 3,5-dinitro-l- 
thyronine using the method of Harington and Barger, Biochem. J. 21: 169 (1927). 

’ Kindly supplied through the courtesy of Dr. A. E. Heming of Smith, Kline and French 
Laboratories, Philadelphia, Pennsylvania. 








TABLE I 


Relative Effects of Various Doses of Several Analogues of Thyroxine in Preventing Thiouracil-Induced 
Goiters in Rats 





NO &W 


~ Iu Ww 


now now ort rh wun or ru “n 


un 


~ 


| 3,5,3/-l-triiodothyronine 








Compound Injected 





Saline 


Saline 


l-Thyroxine 


“Carboxylic Acid” Ana- 


logue 


“Acrylic Acid” Analogue 


“Propionic Acid” Analogue 


3, 5-dinitro-3’ , 5’-diiodo- 
“Acrylic Acid” Analogue 


3, 5-dinitro-3’ , 5’-diiodo- 
“Propionic Acid” Ana- 


logue 


3 ,5-dinitro-/-thyronine 


3, 5-dinitro-3’ , 5’-diiodo- 


l-thyronine 


3 ,5-diiodo-l-thyronine 


Drinking 
Solution 


Water 


Thiouracil 


0.1% 


Thiouracil 


0.1% 


Thiouracil 
0.1% 


Thiouracil 


0.1% 


Thiouracil 


0.1% 


Thiouracil 


0.1% 


Thiouracil 
0.1% 


Thiouracil 


0.1% 
Thiouracil 
0.1% 


Thiouracil 


0.1% 


Thiouracil 
0.1% 


221 


158 | 


| 226 


| 256 


230 
156 


242 


212 


221 
211 


215 | 
223 | 


56. 


ae dh we DO 


anu 


Daily Dose 
per 100 gm. 
Body Wt. 


° 


‘© 


one 


~ 





Thyroid Wt. 
per 100 gm. 


S.D 


Body Wt. 
+ S.D. 


21. 
19. 
14. 
15. 


_ 


min & 
Ht + Ht 


aur 


H it 


CoOorno- 


owr Ww 
hi OE Wot 


oor Fe 


oo 


ht He Ho He ie 
ooon 


i 


th fH Hi 


Ht Ht 


aS) 
\o) 


_ 


wore & Ww 


=e De DO 


ecuoan 


oe 
n> > 


onano 


onan 


mweoa 


A 


i) 


—————. 


Ap- 
' prox. 
Inhibi- | Rela- 
thon tive 
Activ. 
ity 
% |% 


99.0 | 100 


95.8 | 25 


oS 
o 
o 


0.0 
0.0 0 


0.0 
10.3; 0 


83.6 
92.4 5 
109.1 














Relat 


|-thyroxi 
3,5,3'-1- 
3,3',5'-1 
3, 5-1-dii 
3,3'-4-di 
3 ,5'-dl- 
3/-dl-mo 
3-monoi 
|-thyron 





*G] 


“prop 
alanin 
activit 
and E 
the a 
|-thyr 
thiour 
report 
as /-tk 
confir 
analoy 
catesh 
assay 
to thy 
Iti 
do no 
Thus. 
genic 
of sig 
in tar 
positi 
Of 
iodot 
vesti 
from 
grouy 
Th 
l-thy 
signi! 

















25 


25 


wn 


THYROXINE AND SOME OF ITS ANALOGUES. III 97 




















TABLE II 
Relative Activities of the Homologous Series of 3,5 ,3' ,5'-Iodinated Thyronines Reported in the 
Literature 
Compound Assay Method | Activity References 

- rs a — - | — a 
|-thyroxine. . i eth dwre cava ‘s | G-P* 100 
3,5,3’-1-triiodothyronine............| G-P | 500-700 
3,3’, 5’-I-triiodothyronine........... G-P 5-10 | 13,15 
3,51-diiodothyronine...............| G-P 5 | this report 
3,3'-I-diiodothyronine. . . . cual G-P | Weak-85 | 13, 15, 16 
3’ ,5'-dl-diiodothyronine. .. . . Myxedema, tadpoles 0 ) 11,17 
3-dl-monoiodothyronine............ Tadpoles 0 11 
3-monoiodothyronine. . | 14 (not assayed) 


ee eT G-P 0 | 16 





*G-P: Goiter prevention assay in rats (9). 


“propionic acid” analogues whose side-chains are of the same length as the 
alanine portion of the thyroxine molecule each possess about 25 per cent the 
activity of /-thyroxine by the goiter prevention assay. Roche, Michel, Wolf, 
and Etling (13) reported the “propionic acid” analogue to possess 75 per cent 
the activity of d/-thyroxine corresponding to approximately 37.5 per cent 
l-thyroxine; although they used propylthiouracil as the goitrogen instead of 
thiouracil, their result is of the same magnitude as in our assay. They also 
reported the triiodo homologue of this compound to exhibit the same activity 
as /-thyroxine (13). The report of Bruice, Winzler, and Kharasch (12), recently 
confirmed by Roche and his colleagues (11), in which the “propionic acid” 
analogue exhibited 130 times the effect of /-thyroxine as determined by Rana 
catesbrana tail-fin assay emphasizes the species differences encountered in the 
assay of these compounds. Amphibia have been noted to be more responsive 
to thyroxine-like compounds than have mammals. 

It is of interest that all analogues tested by the goiter prevention assay which 
do not possess halogens in at least the 3 position fail to exhibit biologic activity. 
Thus, the 3,5-dinitro-analogues reported in this study showed no antigoitro- 
genic activity even when re-enforced by iodine in the 3’ ,5’ positions. Absence 
of significant biologic activity of the 3 ,5-dinitro-analogues has been reported 
in tadpoles (11, 12). Apparently some strongly activating group in the 3,5 
position is necessary for biologic effectiveness. 

Of the homologous series of 3,5, 3’ ,5’-iodinated thyronines, all but 3-mono- 
iodothyronine (14) have been assayed; the results reported by various in- 
vestigators are shown in Table II. Several of these analogues have been isolated 
from hydrolysates of thyroid glands and apparently may contribute to the 
group of compounds which constitute the ‘‘thyroid hormones” (5). 

The homologue 3 ,5-diiodo-l-thyronine exhibited 5 per cent the activity of 
thyroxine. Previous studies have shown this compound to possess weak but 
significant effect by various assay methods (3). 
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It is perhaps premature to postulate the final minimum structural requisites 
of thyroxine for biologic activity. In constituting such a formulation, however, 
it is of great importance to compare results obtained with various analogues in 
which a single assay method is employed in the same species, since it is apparent 
that there is wide species difference in sensitivity to thyroxine and related 
compounds. The current information available from data obtained in rats | 
utilizing the goiter prevention assay permits the following tentative postulates 
to be drawn: 

1) di- and tri-halogenated analogues of thyroxine require at least one iodine 

substitution in the 3 position of the primary phenyl! ring of thyronine J 
for activity; 


2) of the isomeric dihalogenated thyronines, the compounds possessing halo § 


gen substitutions in the 3 and 3’ positions exhibit greater activity than 
the other compounds of this group; 


3) of the isomeric trihalogenated thyronines, the compounds possessing a 7 
single halogen in the 3’ position show greatest activity; an exception to 7 


this generalization has been reported (6); 

4) of the halogen substitutions, activity decreases in descending order as: 
iodine > bromine > chlorine; 

5) an intact alanine side-chain is not necessary for activity, but the shorter 
the side-chain the less the activity; 





6) a phenolic hydroxyl group in the 4’ position is not mandatory for activity; | 


7) substitution of nitro groups in the 3,5 positions will not activate the 


thyronine molecule sufficiently to exhibit activity even when re-enforced 
by iodine in the 3’ ,5’ positions; 


8) the diphenyl ether configuration containing certain specific para substitu. 7 
tions and possessing at least one halogen on each phenyl ring appears to 7 


be the basic nucleus of the analogues of thyroxine which are biologically 
active in mammals. 
Further studies will be required to confirm these postulations concerning the 
relationship of structure to function. 


SUMMARY 





Several structurally related analogues of thyroxine have been assayed in | 


rats by the goiter prevention method. The “acrylic acid” and “propionic acid” 7 


analogues exhibited approximately 25 per cent the effect of /-thyroxine. The 


compound 3 ,5-diiodo-/-thyronine was about 5 per cent as active as /-thyroxine. 


Four analogues of thyroxine containing 3,5-dinitro substitutions failed to 
demonstrate any activity in the doses employed. Several tentative postulates 


are presented indicating the basic structural requisites for thyroxine-like i 


activity as derived from studies employing the goiter prevention assay. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING oF 
THE JOHNS HOPKINS MEDICAL SOCIETY 
November 11, 1957 
SOME ASPECTS OF OXYGEN TRANSFER ACROSS THE HUMAN PLACENTA 
HARRY PRysTOWSKY 
Estimates have been made of the difference in the oxygen pressures of fetal and materna] 
bloods as they pass through the placenta. Data from eight normal parturients were ap. 
alyzed; the pressure difference was approximately 20 mm. Hg. In clinically abnormal preg. 
nancy, the pressure difference was only 3.5 mm. Hg. This finding is interpreted as evidence 
of a reduction in the net transfer of oxygen. The data on fetal bloods in normal and ab- 


normal gestation were indistinguishable. Hence, the difference in the oxygen gradients was 
accounted for by the lower pO, of intervillous blood in abnormal pregnancy. 


APPLICATIONS OF EXFOLIATIVE CYTOPATHOLOGY IN MEDICAL RESEARCH, 
PHYSICIAN TRAINING AND CLINICAL PRACTICE 


Joun K. Frost 


Exfoliative cytopathology has developed from a research procedure into its present status 
as a powerful diagnostic tool, a potent means of investigating facets of disease processes and 
physiologic reactions, and a valuable mode of reintegrating these dynamic phases for study 
and understanding of the patient as a whole. 

By its use early cancer can be detected in many sites at stages curable with our present 
methods of therapy. Foremost among these is cancer of the uterine cervix where, with the 
proper methods of specimen preparation, detection in the early or noninvasive stages is 
97-100 per cent. Uterine fundal cancer can be detected in about 80 per cent of cases with the 
best routine techniques, and in much higher percentages with specialized procedures not 
usually employed in screening. Most of the endometrial cancers detected in routine pr- 
cedures are early or asymptomatic. Over 90 per cent of cancers of the lung are detected when 
a series of five fresh sputum specimens is examined. This is in sharp contrast to less than 50 
per cent detection when only a single specimen is submitted. When bronchoscopy is per- 
formed, cytologic examination of aspirated secretions and washings detect additional cases 


whose lesions lie beyond the range of the bronchoscope. Detection of gastric carcinoma offers 7 


brilliant hope in a presently dismal disease. By mucolytic enzymatic lavage through a simple 


Levine tube, 85-90 per cent of cancers lying in any region of the stomach are detected. © 
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While this represents present capabilities in these sites, potentialities will be greater when | 


presently experimental techniques become standardized. Cancer detection is also practical in 
other sites such as the urinary tract, mammary ducts, and body cavities. As a rule the earlier 
the lesion is, the higher is the rate of detection. 

Cytological evaluation of host responses to hormonal environment, ionizing radiation, and 


certain pathogenetic agents supplies insight into some of the dynamic processes involved in § 


overcoming a disease insult. Clinically valuable information is also available therefrom, such 
as in the understanding and treatment of various endocrinopathies, advanced mammary 
carcinomas, residual hormonal function in irradiated ovaries, and certain tumors treated by 


irradiation. Determination of true somatic sex by the nuclear chromatin configuration of | 


exfoliated cells, is of great clinical assistance in the various intersex problems. 
In many investigative and clinical facts, exfoliative cytopathology has become an every- 


day tool, more useful in the teaching, understanding, and therapy of disease processes than 


first envisioned even by its “fathers”, Virchow, Traut, and Papanicolaou. 
100 
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BOOK REVIEWS 


Peripheral Circulation in Health and Disease. By WALTER REDISCH AND FRANCIsco F. 
Tancco, with R. L. pEC. H. SAUNDERs and associates. 154 pp., $7.75. Grune & Stratton, 
New York, N. Y. 

This is an unusually fine book on peripheral vascular disease. The basic information re- 
lating to vascular physiology is reviewed and synthesized. The section on methods is especi- 
ally well written in that the techniques utilized in this field are critically evaluated. There is 
an excellent review of the pharmacology of vasoactive agents and the opinions expressed are 
based on sound experiment and not on clinical trials, which, unfortunately, are often poorly 
controlled and impossible to evaluate. The bibliography is excellent and up to date. The last 
forty-two pages are devoted to the anatomic basis of the peripheral circulation in man 
written by Dr. R. L. deC. H. Saunders and associates. This section, based on x-ray ex- 
amination of injected limbs, though interesting in its own right has the characteristics of a 
separate monograph and seems disproportionately long for this book. This book can be 
highly recommended to students and practitioners as well as to investigators. The longer 
books on peripheral vascular disease contain more illustrations and more detailed coverage of 
clinical trials of therapeutic agents, many of which are not worthy of inclusion. The essential 
information is all present in the first 100 pages. 

RICHARD S. Ross 


Clinical Proctology, 2nd edition. By J. PEERMAN NESSELROD. 296 pp., $7.00. W. B. Saunders 
Co., Philadelphia, Pa. 

This is the second edition of Dr. Nesselrod’s excellent little book, Proctology in General 
Practice, first published in 1950. A new chapter, “Anal Contracture”, and several new figures 
have been added, and the portion of the book on anal pruritus has been largely rewritten. A 
new style of print makes the book more easily read. In general, though, the changes are 
minor. 

This reviewer has long been grateful to Dr. Nesselrod for his book and has used his il- 
lustrations in the teaching of medical students for some years. The methods of surgical attack 
which he recommends are largely based on the techniques of Dr. Buie and are proven useful 
by the tests of time. 

I do not share Dr. Nesselrod’s enthusiasm for the exteriorization operation for all pilonidal 
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cysts, for example, but I must agree that in general his recommendations for therapy ar 
sound and workable. 
This book is highly recommended for all general practitioners, house officers, and recta] 
surgeons. Those who already possess the first edition, however, have no need for the second, 
ALAN C. Woobs, Jr. 


William Harvey. His life and times: his discoveries; his methods. By Louis CHAvvols. 27} 
pp., $7.50. Philosophical Library, New York, N. Y. 

The English translation of this biography, as Sir Zachary Cope points out in the foreword, 
“comes at an opportune moment when all the world is about to celebrate the tercentenary of 
his death.” The work has been written with great admiration for the personality and genius 
of Harvey, and with a good deal of imagination. Dr. Chauvois does not hesitate to invent 
scenes and conversations to complete his picture of Harvey. Since he makes it clear where his 
interpolations begin and end, the reader is allowed to distinguish between fact and fancy, 
However, the method leads to such a sharp outline as to leave little space for divergent in- 


terpretations. Harvey appears as a straight precursor of the modern physiologist, and those 


who like to see him in this perspective will welcome the book, while others will think the 


characterization one-sided. The author underrates Harvey’s adherence to Aristotle which | 


Curtis (Harvey’s views on the use of the circulation of the blood, New York, 1915) has elucidated, 
and the arguments for making Harvey an adherent of the Copernican system are little con- 
vincing in view of the express reference to the perpetual circulation of sun and moon in De 
Generatione (London, 1651, p. 250). While much effort is spent on the re-examination of 
various relics, the traditional views on heart and blood prevailing at Harvey’s time are not 
presented with sufficient attention to detail and sources. Harvey was a complex figure, and 
this should be kept in mind when approaching the present book, just because it presents en- 
joyable reading. 


OwsE! TEMKIN 


Principles of Microbiology, 3rd edition. By CHARLES F. CARTER AND ALICE LORRAINE 
SmirH. 665 pp., $5.00. The C. V. Mosby Co., St. Louis, Mo. 

This is an introductory text presumably directed towards students at the undergraduate 
or nursing school level. The authors indicate that it is their objective to present a general 
survey of the principles underlying medical, industrial and sanitary microbiology. A major 
part of the book is devoted to human pathogens among the bacteria, rickettsia, and viruses. 
The fungi and multicellular parasites are also discussed. 

Objectives of such broad scope may be fulfilled by means of several approaches. Thus, an 
integrated presentation of fundamental concepts may be offered, which provides the neces- 
sary orientation for learning the methodology and factual material which are the building 
blocks of every scientific discipline. Alternatively, the pupil may be provided with an unin- 
terrupted restatement of countless facts which are related only insofar as they deal witha 
specific segment of microbiology. An approach of this type enables the reader to amass many 
facts but little comprehension. To this reviewer, it is regrettable that the authors chose the 
latter approach particularly in an introductory text. 

As a didactic device, the volume will be helpful to pupils whose aims are restricted to 
passing a course. Thus, eight virus diseases of man, as well as bacteriophage, are dealt with in 
a scant five pages of text. The entire subject matter is divided into five units each of which is 
terminated by a series of review questions. A few pages in each section are devoted to some 
simple laboratory exercise such as the use of a bacterial filter. Finally, a glossary of terms 
has been included. The character of this book may best be reflected perhaps by some of the 
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definitions given in the glossary. Thus, “molds” are defined as a division of the group of 
organisms known as fungi which in turn are described as “‘cellular vegetable organisms that 
jeed on organic matter”. Also, “old tuberculin” is defined as a special type of tuberculin, 
whose meaning is given as “a toxic extract obtained from tubercle bacilli’. 

The fact that the present text has reached a third edition indicates that there is an audience 
for this type of text nothwithstanding the fact that it compares rather unfavorably with other 
recently published introductions to the principles of microbiology. 

ABRAHAM G. OSLER 


Developmental Abnormalities of the Eye, 2nd edition. By IpA Mann. 419 pp., $15.00. J. B. 
Lippincott Co., Philadelphia, Pa. 

Since its publication in 1937, “Developmental Abnormalities of the Eye” by Ida Mann 
has been the authoritative reference on the subject. The second edition follows the pattern 
of the first, and is a superb enlargement of the first. 

The book is well organized and brilliantly written. The drawings and photographs are 
excellent. It should prove invaluable to all ophthalmologists, and should continue to be the 
authoritative reference on the subject. 

HowArD NAQUIN 


Perinatal Loss in Modern Obstetrics. By Ropert E. L. Nessitt, Jr. 432 pp., $12.50. F. A. 
Davis Co., Philadelphia, Pa. 

The object of obstetrics is to provide safe deliverance for mother and baby. The advances 
in modern medicine and more especially in clinical obstetrics have reduced the hazards of 
childbirth for the mother almost to the vanishing point. However, although improvement 
in the lot of the mother did at first increase the safety of the baby, there has been little or no 
reduction in mortality rates for the baby in the past thirty years. Indeed, if reproductive 
failure is considered to include not only fetal and neonatal death, but also abortion, tubal 
pregnancy, and sublethal damage to the perinate, the yearly toll of unsuccessful pregnancies 
is greater than that of any single cause of death. For this reason, obstetrics in the future must 
concern itself more and more with the product of conception. Dr. Nesbitt has, in singling out 
the most obvious result of reproductive failure, chosen a most timely topic for his book. 

Perinatal Loss in Modern Obstetrics is a harvesting of the first fruits of the work begun at 
Hopkins in 1946 by Dr. George W. Anderson and is based primarily on statistical analyses of 
the Hopkins perinatal mortality of the years 1937-1949 as compiled by Dr. Anderson with 
the aid of Dr. Nesbitt. The book excels in reporting the work of this able team in the fields 
of stillbirth, premature mortality, and the pathology of hyaline-like membrane disease and 
brain hemorrhage. The independent work of Dr. Nesbitt on the statistics of postmature 
pregnancy is also discussed extensively. Other aspects of perinatal mortality are given broad 
but superficial coverage. In similar fashion attention is given to related problems of physi- 
ology, biochemistry, immunology, genetics, bacteriology and virology. An entire chapter is 
devoted to the public health and clinical aspects of preventing perinatal mortality. Except 
for an inadequate and skeptical treatment of the role of endocrines in preventing premature 
birth, this chapter is a brief but fluent presentation of the best practices of modern clinical 
obstetrics. 

Although Dr. Nesbitt’s book will not replace Edith Potter’s classic The Pathology of the 
Fetus and Newborn, its multidisciplinary approach (so long preached by Dr. Nesbitt’s 
mentor, Dr. Anderson) will give it wider appeal. The basic research worker in obstetrics will 
find the guideposts for his future work collected in one place. Of course, he will wish to con- 
sult the original work for the intimate details which are not covered in Dr. Nesbitt’s review 
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of the subject, but he will recognize that our future hopes for the reduction of reproductive 
failure rest in the multidisciplinary approach exemplified in this book. 
GEORGE W. CorNER, Jr. 


Halsted of Johns Hopkins. The Man and His Men. By SAMUEL JAMES CROWE. 252 pp., 
$5.00. Charles C Thomas, Springfield, Ill. 

Dr. Crowe’s book about Dr. Halsted and his men is not just a series of interesting remi- 
niscences and anecdotes, although it does contain many intimate and personal episodes in 
Halsted’s life, which are not to be found elsewhere; nor is the book a profound analytical 
biography designed to explain the man’s genius, although here again one can discover some 
of the elements which accounted for Dr. Halsted’s greatness. Actually the portrait which 
Dr. Crowe presents is accomplished in three ways; first, by tracing the growth of the De- 
partment of Surgery at Johns Hopkins; second, by giving biographical sketches of some of 
the young men who were influenced by the Professor; and finally by discussing some of Dr. 
Halsted’s major contributions to surgery and surgical education. 

Historically, it is most appropriate that the central figure in this book should be presented 
indirectly through his work and through his pupils for, while in Baltimore, Dr. Halsted was 
certainly a very secluded and retiring person who shunned publicity as well as people. The 
emphasis on his influence on surgery in America could have been amplified, and, if there is a 
single criticism of the book, it is that it fails to impress upon the reader how the stature of 
the man has grown through the years. When Dr. Halsted died in 1922 the obituary notice 
in the Transactions of the American Surgical Association reflected the respect accorded the 
Professor and enumerated many of his accomplishments, but his tremendous and ever-grow- 
ing influence on American surgery was not anticipated or even suspected. 

The quotations on the last page of Dr. Crowe’s book, which are taken from G. F. Powers’s 
paper on “Education” constitute a superb description of Halsted as a teacher who ex- 
emplified par excellence “that which we are, we shall teach’. He was indeed the founder of a 
school of surgery, and in the years to come students and surgeons will be grateful to Dr. 
Samuel Crowe for having preserved for them this delightful account of “The Professor”. 

WARFIELD FrRor 


Expectant Motherhood, 3rd edition, revised. By NicHoitson J. EASTMAN. 198 pp., $1.75. 
Little, Brown & Co., Boston, Mass. 

The two previous editions of this volume have for many years been the most popular and 
widely read of their type. The new edition is completely up-to-date and is characterized by 
the same clear style, authoritative manner, and attitude of reassurance and common sense as 
its predecessors. 

This book contains a vast store of information that should be of great benefit to all preg- 
nant women. Not only should reading this book make pregnancy easier and happier for 
patients, but it should be a tremendous time-saver for busy physicians in that so many 
common problems are answered so clearly and concisely. 


J. W. Jr. 


BOOKS RECEIVED FOR REVIEW 


Biological Effects of Whole-Body Gamma Radiation of Human Beings. By Haroip 0- 
Davipson. 101 pp., $3.00. The Johns Hopkins Press, Baltimore, Md. 
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The Epileptic Seizure. Its Functional Morphology and Diagnostic Significance. By Cosmo 
AJMONE-MARSAN AND Bruce L. Ratsron. 251 pp., $6.00. Charles C Thomas, Spring- 
field, Ill. 

Laboratory Applications in Clinical Pediatrics. By Irvinc J. Woman. 1019 pp., $15.00. 
McGraw-Hill Book Co., New York, N. Y. 

Metabolic Aspects of Transport Across Cell Membranes. Edited by Q. R. Murpuy. 379 pp., 
$7.50. The University of Wisconsin Press, Madison, Wis. 

Practical Use of the Office Laboratory and X-ray. By Paut WILLIAMSON. 323 pp., $10.75. 
The C. V. Mosby Co., St. Louis, Mo. 

Side Effects of Drugs 1955-1956. Compiled by L. Meyzer. 128 pp., $5.00. Excerpta Medica 
Foundation, New York, N. Y. 

Surgery of Head and Neck Tumors. By Haves Martin. 430 pp., $18.50. Paul B. Hoeber, 
Inc., New York, N. Y. 

A Text-Book of X-ray Diagnosis. By British Authors in Four Volumes. Third edition edited 
by S. CocHRANE SHANKS AND PETER KERLEY. Vol. I. 521 pp., $18.00. W. B. Saunders 
Co., Philadelphia, Pa. 
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STUDIES OF THYROXINE AND SOME OF ITS ANALOGUES 
IV. Ture Merasotic Activity oF 2’ ,6’-d/-DIl0oDOTHYRONINE"' ” 


CHARLES A. PLAMONDON,’ JOHN G. WISWELL‘ anp SAMUEL P. ASPER, Jr. 


The Department of Medicine, The Johns Hopkins University School of Medicine 
Received for publication November 14, 1957 


In recent years attention has been directed toward the development of 
analogues of thyroxine which, although possessing no significant calorigenic 
activity, may act as either competitors for the peripheral metabolic action of 
thyroxine or inhibitors of.the pituitary’s production of thyroid stimulating 
hormone. Cortell (1) has shown that 2’ ,6’-diiodothyronine, an analogue of 
thyroxine originally synthesized by Niemann (2), has unique properties as an 
antagonist. Upon administration of this compound to rats receiving thiouracil 
it does not prevent, as thyroxine is capable of doing, the development of 
goiter. By this method of assay, which presumably is a measurement of anti- 
thyrotropic activity (3), the compound does not possess thyroxine-like proper- 
ties. On the other hand, Cortell has also observed that if the analogue is ad 
ministered concomitantly with thyroxine to rats receiving thiouracil definite 
thyroid hypertrophy occurs. Thus, the analogue in some manner blocks the 
efiect of thyroxine, affording it so-called ‘“‘antithyroxine”’ properties. 

The experiments reported herein were devised to repeat and extend Cortell's 
work and, further, to determine the calorigenic activity of 2’ ,6’-d/-diiodo 
thyronine® as well as its possible inhibitory effect on the acceleration of oxygen 
consumption produced by d/-thyroxine® in the rat.’ 


' Expenses of these studies were in part defrayed by a contract between The Johns 
Hopkins University and the Atomic Energy Commission, by Hoffmann-LaRoche, Inc. and 
by the Maryland Division of the American Cancer Society. 

* An abstract of this paper has previously appeared (c/., J. Clin. Endocrinol. 12: 976, 
1952). 

* Fellow in Medicine, supported by the Ministries of Health of Canada and of the Province 
of Quebec, 1951-1954. Present address: Laval University, Quebec, P. Q., Canada. 

*Damon Runyon Fund Fellow in Medicine, 1951. Present address: Baltimore City 
Hospitals, Baltimore, Maryland. 

®* Kindly synthesized by Dr. J. T. Plati and supplied by Dr. E. L. Sevringhaus of Hoff- 
man-LaRoche, Inc. 

° Kindly furnished by E. R. Squibb and Sons. 

* Since only the racemic (d/l) forms of thyroxine and analogue were used, the term dl will 
hereinafter be omitted. 
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METHODS AND RESULTS 


A. Effects of thyroxine and 2’ ,6’-diiodothyronine on weight and radiophosphorus 
content of the thyroid glands of thiouraci!-treated rats 

These experiments were conducted in the manner described by Dempsey 
and Astwood (4), and the technique was similar to that employed by Cortell 
(1). In addition, the content of radiophosphorus (P*)* in the thyroid glands of 
animals previously injected with P® was determined; this technique was em- 
ployed to ascertain if the thyroidal accumulation of P® is comparable to the 
weight of the thyroid, both presumably being a measure of the degree of 
metabolic activity of the gland (5). Borell and Holmgren (6) have shown that 
the P® accumulation of the thyroid gland is an exceptionally accurate method 
of assaying the activity of thyrotropin, and the experiments reported herein 
presumably determine the effects on the thyroid gland of endogenously pro- 
duced thyrotropin. 

Fifty male rats of the Wistar strain, weighing approximately 100 grams each 
at the beginning of the experiment, were divided into five groups of ten ani- 
mals each. They were fed Purina dog checkers. Temperature of the animal 
room varied from 68° to 70° F. during the experimental period. The animals 
of group | received water ad libitum, the animals of the remaining four groups 
received thiouracil 0.1 per cent in the drinking water. Saline, thyroxine, ana- 
logue or both thyroxine and analogue in the amounts as shown in Table | 
were injected subcutaneously daily for ten days. On the eleventh day, three 
hours before sacrificing, each animal received by intraperitoneal injection 21.2 
microcuries P* as H;PO, in 0.5 ml. of 0.9 per cent NaCl. Each animal was 
weighed and then killed by ether inhalation. The thyroid gland was extir- 
pated, weighed immediately on a torsion balance, and dropped into a small 
Erlenmeyer flask containing 4 ml. of 2 V sodium hydroxide. Dissolution of the 
gland was aided by gentle rotation and heating of the flask. After drying, the 
residue was dissolved in 10 ml. of water. From this, duplicate aliquots of 1 ml. 
each were dried in planchets and the amounts of radioactivity were measured. 
The mean of the weights of thyroid glands per 100 grams of body weight was 
recorded for each group of animals as well as the mean of the counts per 
second of P® per mg. of thyroid gland. 

The results are shown in Table IA. Marked hypertrophy of the thyroid 
glands was induced by thiouracil, whereas thyroxine inhibited this effect of 
thiouracil. The analogue did not prevent the enlargement of the thyroid in- 
duced by thiouracil. Hypertrophy of the thyroid glands of the animals receiv- 
ing both thyroxine and analogue by injection and thiouracil in the drinking 
water was noted, indicating that the analogue at least partially blocked the 


* Supplied by contract from the Atomic Energy Commission, Oak Ridge, Tennessee. 
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TABLE I 
Effect of 2’ ,6'-A\-Diiodothyronine With and Without d\-Thyroxine on Thyroid Weight and 
Radiophosphorus Content of Thiouracil-Treated Rats 


Thyroid Weight Thyroid Content P*? 
mg./100 gm. body wt. counts/sec./mg. tissue 
A 
Saline only 7.36 + 1.37* 1.22 + 0.095* 
Saline and thiouracil 17.65 + 2.64 1.87 + 0.25 
Thyroxine 5 wg. and thiouracil 8.09 + 3.59 1.40 + 0.25 
Analogue 500 wg. and thiouracil 16.75 + 3.68 1.94 + 0.26 
Analogue 500 yug., thyroxine 5 wg. and thiouracil 14.10 + 2.97 1.76 + 0.29 
B 
Saline and thiouracil 17.83 + 4.57 2.29 + 0.58 
Thyroxine 5 wg. and thiouracil 5.92 + 1.28 1.23 + 0.37 
Analogue 250 yug., thyroxine 5 ug. and thiouracil 11.57 + 4.76 2.11 + 0.72 
Analogue 500 yug., thyroxine 5 wg. and thiouracil 11.07 + 4.59 1.71 + 0.55 
Analogue 1000 yg., thyroxine 5 yg. and thiouracil 11.21 + 4.04 2.11 + 0.78 


* Standard deviation. 
In animals receiving both analogue and thyroxine injections were made at separate sites. See 
text for additional details. 





“antigoitrogenic” properties of thyroxine on thiouracil-induced goiter. The 
P® content of the thyroid glands in rats of each group paralleled approximately 
the thyroidal weight. 

In another experiment an attempt was made to determine if alterations of 





the dose of the analogue would result in a quantitative difference in the degree 
| of thyroxine antagonism. The technique was similar to that described above, 
; except that 40.0 microcuries of P® were used for each animal. The results, 
shown in Table IB, indicate that both one-half and twice the quantities of 
2' ,6’-diiodothyronine used in the first experiment were equally effective in 
inhibiting thyroxine effect. 
B. Effect of thyroxine and 2’ ,6'-diiodothyronine on oxygen consumption of the rat 

Oxygen consumption of rats was determined in a closed circuit volumeter at 
constant temperature and pressure using the original apparatus described by 
Lilienthal, Zierler and Folk (7). The animals received Purina dog chow and 
water ad libitum and were fasted 16 to 24 hours prior to each testing. Each 
animal had been conditioned to the apparatus prior to the experimental period. 
Each recording of the oxygen consumption of a single animal represents a 
minimum of nine determinations, the variation of readings rarely exceeding 3 
per cent. 

In the first experiment the effect of a single subcutaneous injection of normal 





saline, thyroxine, analogue or both thyroxine and analogue on the oxygen 
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TABLE II 
Effect of 2’ ,6'-dl-Diiodothyronine With and Without dl-Thyroxine on the Oxygen Consumption of 
Normal Rats 


Oxygen Consumption cc./min./100 gm. Body Wt 


Administration of Drug 


Group 
Rat Before After 

(Aver- Ae , 
_—? 1 day Change* 5 days Change* 9 days Change* 
I Normal Saline, 1 1.11 1.11 0 1.09 -1.8 1.15 +3.6 
0.5 ce. 2 1.11 1.04 —6.3 1.07 3.6 1.15 +3.6 
aver. | 1.11 1.08 -2.7 1.08 -2.7 1.15 +-3.6 
II Thyroxine, 2 mg./kg. 3 1.09 1.32 | +21.0 1.19 +9.2 1.15 +5.5 
4 0.959 | 1.22 | +27.0)| 0.981 +2.2 0.983 +2.5 
aver. 1.02 1.27 | +24.6 1.09 +6.8 1.07 +4.9 
III 2’ ,6’-diiodothyro- 5 1.09 1.10 +0.9 1.04 —4.60 1.00 8.3 
nine, 260 mg./kg. 6 1.17 1.11 —5.1 $:22 —4.3 1.19 +1.7 
aver. | 1.13 e859 —1.8 1.08 -4.4 1.10 r Be | 
IV Thyroxine, 2 mg./ 7 1.06 | 1.31 | +23.6 1.12 +5.7 1.09 +2.8 

kg.; 2’ ,6’-diiodothy- 8 1.13 1.34 | +18.6| 1.21 +7.1 1.13 0 
ronine, 260 mg./kg. aver. | 1.10 1.33 | +20.9 1.17 +6.4 1.11 +0.9 


* Change in % as compared with average reading before drug. 

Each group is composed of 2 adult male rats. The values prior to injection represent the average 
of 3 determinations obtained during a 2 week period. Injections were made subcutaneously. In 
Group IV injections were made at separate sites, analogue being administered immediately before 
thyroxine. Molar ratio of analogue to thyroxine is 200. 


consumption of normal rats was observed. Previous study showed that a dose 
of 2.0 mg. thyroxine per kg. body weight produces in the normal rat a 20 to 
30 per cent increase in oxygen consumption at 24 hours (8). Eight male rats 
of the Sprague-Dawley strain weighing 350 to 500 grams each were divided 
into four groups of two animals each. The results, recorded in Table II, show 
that the animals receiving only a saline injection had no significant variation 
of oxygen consumption. Thyroxine produced a 24.6 per cent rise in oxygen 
consumption, whereas the analogue was ineffective in dosage 200 molarity 
of thyroxine. Further, the analogue did not alter significantly the effect of 
thyroxine when both drugs were administered concomitantly. 

In the second experiment the effect of daily subcutaneous injections of saline, 


thyroxine, analogue or both thyroxine and analogue on the oxygen consump- 
tion of thyroidectomized rats was determined. Eight male rats of the Wistar 
strain were thyroidectomized eleven weeks prior to the institution of the 
experimental period. At the beginning of the experiment each animal weighed 
about 200 grams. They were divided into four groups of two animals each. 
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Following the determination of the baseline oxygen consumption, each animal 
was injected daily for fourteen days. Dosage of thyroxine was 12 yug./kg. body 
weight, an amount shown by Barker (9) to restore the oxygen consumption of 
a thyroidectomized rat to normal. The results are shown in Table III. Oxygen 
consumption was increased 22 per cent in the animals receiving thyroxine. No 
increase was observed in those rats receiving analogue in a dose of 500 times 
that of thyroxine on a molar basis and, in fact, a decrease of oxygen consump- 
tion was noted on the fourteenth day of drug administration. An explanation 
to account for the decrease in oxygen consumption of these thyroidectomized 
animals is not readily apparent; the rats appeared myxedematous but not 
otherwise ill, their food intake was comparable to that of the animals receiving 
only saline injections, and the readings obtained were entirely satisfactory. In 
the group receiving both thyroxine and 2’,6’-diiodothyronine, oxygen con- 
sumption was increased to the same extent as in the group given thyroxine 
alone, but this increase was not apparent until the fourteenth day of adminis- 
tration of the drugs. The significance of the observations of the delayed rise in 


TABLE III 
Effect of 2’ ,6'-d\-Diiodothyronine With and Without dl-Thyroxine on the Oxygen Consumplion of 
Thyroidectomized Rats 


Oxygen Consumption cc./min./100 gm. Body Wt 


Administration of Drug 


Group 


Rat on During After 
ver- : ‘ : 
ase) 7 days Change* 14 Days ( hange® 14 days Change* 
I Normal Saline, 0.5 1 1.30 1.18 | —9.2 1.27 —2.2 1.16 |—10.6 
ce. 2 1.33 1.32 0.7 1.32 0.7 lige —4.4 
aver 1.32 Lz —5.4 1.30 1.6 1.22 —7.6 
Il Thyroxine, 12 yg. 3 1:33 1.42 |+25.6 1.46 +29.1 1.18 +4.5 
kg. 4 1.22 1.46 +19.6 1.48 +21.4 1.23 +0.1 
aver. | 1.18 1.44 |+22.0 1.47 +25.0 1.22 +3.3 
III 2’ ,6’-diiodothyro 5 1.31 1.30 0.6 1.07 18.2 1.29 -2.4 
nine, 4.05 mg./kg. 6 1.37 1.39 | 4+1.5 1.25 8.6 1.42 +2.0 
aver 1.34 1.35 +0.005 1.16 12.7 1.35 +0.005 
IV Thyroxine, 12 pg 7 1.22 1.24 | +0.2 1.51 +23.7 1.18 3.2 
kg.; 2’,6’-diiodothy 8 1.24 1.37 '+11.1 1.53 +23.9 1.21 2.4 
rine, 4.05 mg./kg. aver. | 1.23 1.31 +6.5 1.52 + 23.9 1.20 a2 


* Changes in % 


4 as compared with 


Each group is composed of 2 


average reading before drug. 


rats. Thyroidectomy was performed 11 weeks before the start of 





the experiment. The values prior to the injection period represent the average of 3 determinations 
obtained during a 2 week period. Injections were made subcutaneously daily for 14 days. In Group 
IV injections were made at separate sites, analogue being given immediately before thyroxine. Molar 
ratio of analogue to thyroxine is 500. 
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TABLE IV 
Effect of 2’ ,6’-d\-Diiodothyronine on Oxygen Consumption of Normal Rats 


Oxygen Consumption cc./min./100 gm. Body Wt 


Administration of Drug 


Group During 
Rat Before 
(Aver- | 7 days| 14 days 21 days 31 days 37 days 42 days 
age) % % % % % % 
Change*| Change* | Change*  Change* | Change* | Change* 
I Normal Saline, 0.25 1 1.49 1.49 1.57 1.44 1.36 1.47 1.46 
cc. 0 +5.3 —4.0 —8.7 —1.2 —1.8 
2 1.71 1.64 1.50 1.38 1.47 1.46 1.38 
—4.0 -12.2 | —19.1 —14.0 —14.5 | —19.1 
aver. 1.65 1.57 1.54 1.41 1.42 1.47 1.42 
—4.8 —6.7 | —14.6 | —14.0 | —11.9 -14.0 
II 2’ ,6’-diiodothyronine, 3 1.43 1.45 1.46 1.41 1.51 1.47 1.57 
8.1 mg./kg. +1.3 +2.1 —1.4 +5.5 +2.8 +9.7 
4 1.56 1.53 1.56 1.59 1.52 1.48 1.51 
—1.9 0 +1.9 —2.5 —5.0 —3.2 
aver. 1.50 1.48 iS 1.50 1.52 1.48 1.54 
—1.3 +0.9 0 +1.3 —1.3 +2.6 


* Change in % as compared with average reading before drug. 
Each group is composed of 2 adult male rats. The values prior to injection represent the average 
of 3 determinations obtained during a 2 week period. Injections were made subcutaneously. 
I ) 


oxygen consumption in the rats receiving both drugs and of the decrease in 
oxygen consumption of the rats receiving only the analogue cannot be stated. 

In the third experiment, the results of which are shown in Table IV, the 
effect of prolonged, daily administration of the analogue on the oxygen con- 
sumption of normal rats was determined. Four male rats of the Wistar strain, 
each weighing approximately 300 grams, were divided into groups of two 
animals each. They were injected subcutaneously daily for 42 days; one group, 
serving as a control, received normal saline and the rats of the other group 
received 2’ ,6’-diiodothyronine 8.1 mg./kg. The analogue in this dosage did 
not appreciably alter the oxygen consumption. One animal (rat 2) of the control 
group exhibited a progressive decrease of oxygen consumption during the first 
21 days of the experiment, despite the facts that he appeared healthy and 
accustomed to the apparatus. The variations in oxygen consumption of this 
animal exceed that of other normal rats studied in this laboratory, and it must 
be assumed that basal readings were not obtained in this animal during the 
early part of the experiment. 


DISCUSSION 


These experiments show that 2’ ,6’-diiodothyronine, in the dosages used, 
does not possess thyromimetic properties in rats, since it fails to prevent goiter 
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induced by thiouracil and does not accelerate the oxygen consumption of nor- 
mal or thyroidectomized animals. Lerman, Harington and Means (10) similarly 
have found that this compound does not increase the basal metabolic rate of 
myxedematous patients. The significance of these observations cannot be 
stated, since the study of compounds analogous to thyroxine in which halogen 
substitutions on the thyronine nucleus occur only on the second phenyl ring 
has not received attention beyond the synthesis and partial testing of 3’ ,5’-dl- 
diiodothyronine. This latter compound, synthesized by Block and Powell (11), 
was tested by Salter and found ineffective on the oxygen consumption of a 
patient with myxedema in doses “4 times that of thyroxine’’. It would be of 
value to have further studies of the thyromimetic properties of 3’ ,5’-dl-diio- 
dothyronine; such investigations would permit more extensive comparison of 
the properties of these two analogues and also aid in determining if halogen 
substitutions on the 3,5 positions of the primary phenyl ring are necessary for 
an analogue to have activity. 

The experiments concerning the antithyroxine properties of 2’ ,6’-diiodo- 
thyronine are difficult of interpretation. In the “goiter prevention” experiment 
only partial inhibition of thyroxine was obtained and moreover, in the various 
dosages tested, no differential in the degree of response occurred. However, 
the inhibition of thyroxine on thyrotropic effect was definite and consistent in 
each experiment. The demonstration of only partial inhibition of thyroxine and 
the failure to obtain a response correlated to dose suggest that the “goiter 
prevention” method of determining antithyroxine properties of analogues 
needs re-evaluation. And, since 2’,6’-diiodothyronine appears to have no 
effects antagonistic to thyroxine in the experiments measuring oxygen con- 
sumption, a discrepancy of results concerning the antithyroxine properties of 
the analogue by the different methods exists which at present remains un- 
resolved. 


CONCLUSIONS 


i. The analogue of thyroxine, 2’ ,6’-dl-diiodothyronine, does not possess 
thyromimetic properties as shown by its inability to prevent goiter in thio- 
uracil-fed rats and by its failure to induce acceleration of oxygen consumption 
in normal and thyroidectomized rats. The drug was tested at molar ratios to 
thyroxine of 200, 500 and 1000. 

2. The antithyroxine properties of the analogue are not established. The 
analogue partially inhibits the effect of thyroxine in the prevention of goiter 
in thiouracil-fed rats. It does not, however, lower the oxygen consumption of 
normal rats or of normal or thyroidectomized rats treated with thyroxine. 
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STUDIES OF THYROXINE AND SOME OF ITS ANALOGUES 


V. Meraspo.tic ACTIVITY IN VITRO AND IN VIVO OF THE ACETIC ACID 
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In the course of numerous investigations of the physiological actions of 
structural analogues of thyroxine which have been carried out (1), Pitt-Rivers 
synthesized the deaminated derivatives of thyroxine, tetraiodothyroacetic acid 
(tetrac) and triiodothyroacetic acid (triac), and found that these compounds 
were as potent as d/-thyroxine in inhibiting goiter induced in rats by adminis- 
tration of thiouracil (2). Later, Thibault and Pitt-Rivers reported that the 
addition of tetrac or triac to Tyrode’s solution containing rat kidney slices 
caused an immediate acceleration of oxygen uptake by the tissues, and they 
postulated that tetrac and triac might be the metabolically active forms of the 
thyroid hormone within the cell (3). More recently it has been shown that 
these compounds stimulate glycolysis of ascites tumor cells im vitro (4). That 
tetrac and triac may actually exist in vivo is suggested by the isolation of triac 
from the kidneys of rats injected with triiodothyronine (5) and by the forma- 
tion of tetrac from thyroxine incubated with kidney mitochondria (6). It 
seemed important to define further the metabolic activities of these analogues 
of thyroxine and therefore the following experiments were performed. 


MATERIALS AND METHODS 


Slices weighing approximately 50 mg. each were prepared from kidneys and livers excised 
from hypothyroid rats and were placed in Warburg flasks containing Tyrode’s solution at 
pH 7.4. Tetrac or triac* dissolved in 0.001 N NaOH was added to the solution to give final 
concentrations of 10-* M or 10-® M. Equal amounts of 0.001 N NaOH were added to the 
Tyrode’s solution in control flasks. The flasks were incubated with shaking at 37° with air 
as the gas phase; oxygen uptake was recorded over a period of 120 minutes. All flasks were 
tun in triplicate and mean values of results are presented. 

In the next experiments the effects of thyroxine, tetrac and triac on oxygen utilization and 
oxidative phosphorylation in a rat heart homogenate system were studied. The components 





1 Presented at the annual meeting of the Endocrine Society, Chicago, IIl., June 8, 1956. 

? Supported in part by the Maryland Division of the American Cancer Society, and in 
part by a research grant from the National Institute of Arthritis and Metabolic Diseases, 
National Institutes of Health. 

*Tetrac and triac were graciously furnished by Dr. Rosalind Pitt-Rivers, National 
Institute for Medical Research, Mill Hill, London, England. /-Triiodothyronine was donated 
by Dr. A. E. Heming of Smith, Kline and French Laboratories. 
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of this incubating medium and the details of technique used have been described previously 
(7, 8, 9). The test compounds dissolved in 0.001 N NaOH were added to final concentrations 
of 1.6 X 10-° M. The uptake of oxygen and the disappearance of inorganic phosphate were 
determined after one hour of incubation. 

The relative metabolic activities of tetrac, triac and triiodothyronine were then investi- 
gated in two patients with myxedema (See appendix for clinical data). The patients were on 
the Metabolic Ward where they received constant diets which did not differ appreciably from 
the regular hospital diet eaten for several days prior to initiation of the studies. Daily collec- 
tions of urine were preserved with 10 ml. glacial acetic acid. Stools were marked by carmine 
ingested on the first day of the study and on the days when the experimental compounds were 
administered; daily stools of each period were pooled for analysis. Diets, stools and urines 
were analyzed for content of nitrogen (10) and phosphorus (11). Urinary excretion of creatine 
and creatinine was determined daily (12). Basal metabolic rate was recorded every morning 
with a commercial respiratory calorimeter by the same technician. The concentrations in the 
serum of cholesterol (13) and protein bound iodine* were determined at frequent intervals. 
The test compounds were dissolved in 0.01 N NaOH, autoclaved and administered sub- 
cutaneously in single equimolar doses of 5.3 mg. tetrac and 4.4 mg. triac. One patient re- 
ceived 1.1 mg. triiodothyronine (one-fourth equimolar to tetrac and triac). 


RESULTS 


There was no significant difference in oxygen consumption of kidney slices 
exposed to 10-* M tetrac or triac as compared to oxygen uptake of control 
tissues (Table I). Similar results were obtained when tetrac or triac was 
present at 10-5 M concentration; neither was there any inhibition of oxygen 
utilization by the compounds at this concentration (Table II). When liver 
slices were employed there was again no acceleration of oxygen consumption 
induced by tetrac or triac at either 10-* M or 10-* M concentrations (Table 
ITT). 

The results of a typical experiment with the rat heart homogenate system 
are shown in Table IV. Tetrac and triac stimulated oxygen uptake to a slightly 
less extent over the control levels than did thyroxine. During incubation there 
was a significant fall in the concentration of inorganic phosphorus in the con- 
trol flasks but not in the flasks containing the experimental compounds; all 
three compounds therefore uncoupled oxidative phosphorylation in this 
system (Tables V and VI). 

In the two myxedematous patients studied, the initial basal metabolic rate 
and serum concentration of protein bound iodine were low, and the serum 
cholesterol was high. Nitrogen and phosphorus balances were slightly positive 
during the initial control periods of the studies. The test compounds produced 
similar effects on various phases of metabolism in each patient. Individual 
values of laboratory determinations for both patients are presented in the 
appendix. 


* Determinations of serum protein bound iodine were performed by Bio-Science Labo- 
ratories, Los Angeles, California. 
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TABLE I 


Hypothyroid Rat Kidney Slices 
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cu. mm. O2 uptake per mg. tissue (wet weight) 









































Minutes 
| Control Tetrac 10-* M | Triac 10-* M 
} 
15 0.20 | 0.22 0.14 
30 | 0.41 0.38 | 0.29 
45 0.43 0.41 | 0.43 
60 0.61 | 0.57 0.57 
75 0.75 | 0.75 0.69 
90 0.84 0.86 0.79 
105 0.85 0.91 | 0.92 
120 0.93 | 0.95 0.96 
TABLE II 
Hypothyroid Rat Kidney Slices 
cu. mm. Os uptake per mg. tissue (wet weight) 
Minutes - 
Control | Tetrac 10°* M | Triac 10°* M 
15 0.25 | 0.20 | 0.13 
30 0.33 | 0.32 0.26 
45 0.37 | 0.44 0.38 
60 0.53 0.47 0.55 
75 0.65 0.50 0.62 
90 0.69 0.52 0.68 
105 | 0.71 0.53 0.68 
120 0.71 0.57 0.75 
TABLE III 
Hypothyroid Rat Liver Slices 
| cu. mm. O2 uptake per mg. tissue (wet weight) 
Minutes Tetrac - Triac ‘ca 
| Control | a = 
10-5 M 10-* M 10-* M 10-* M 
15 | 0.17 0.21 0.20 0.17 0.21 
30 0.24 0.30 0.27 0.27 0.25 
45 0.32 0.32 0.29 0.32 0.29 
60 0.41 0.38 0.34 0.42 0.37 
75 | 0.48 0.37 0.35 0.44 0.37 
90 0.52 0.41 0.42 0.50 0.45 
105 0.59 0.41 0.47 0.52 0.45 
120 0.63 | 0.47 0.50 0.59 0.46 





The results obtained in one patient are depicted in the figures. Administra- 
tion of tetrac did not cause any significant elevation in the basal metabolic 
rate (B.M.R.) (Fig. 1). After injection of triac, however, the B.M.R. rose from 
a control value of —30 per cent of standard to —8 per cent 48 hours later; in 
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TABLE IV 
Rat Heart Homogenate-Succinate 





cu. mm. Os uptake per flask 














Minutes ——- a 
Control Thyroxine Tetrac | Triac 
15 33 45 | 49 | 39 
30 56 | 99 | 98 98 
45 88 | 108 | 159 161 
60 120 227 | 205 206 
P:0 0.85 0.03 0.06 0.09 











Flasks incubated in triplicate. P:O—micromoles of i 


microatom of oxygen consumed. 
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Fic. 1. Changes in basal metabolic rate induced by administration of tetrac, triac and 


triiodothyronine to patient A. R. with myxedema. 
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Fic. 2. Changes in serum concentrations of cholesterol and protein bound iodine in 
patient A. R. 
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the second patient the maximum point was not reached until four days after 
administration of triac. When the B.M.R. had decreased to —24 per cent 
triiodothyronine was given and there was a marked rise in B.M.R. to +18 
per cent 72 hours later. The level of serum cholesterol was not affected ap- 
preciably by tetrac (Fig. 2); the value of 422 mg. per cent on day 8 is ques- 
tionable since on the following day it was at the previous level of 530 mg. per 
cent. After triac was given the level of serum cholesterol decreased from 530 
to 445 mg. per cent and further declined after administration of triiodothy- 
ronine to 355 mg. per cent. 

The alterations in the serum concentration of protein bound iodine were most 
interesting (Fig. 2). From a pretreatment value of 2.3 microgm. per cent there 
was a sharp rise to 11.7 microgm. per cent 24 hours after tetrac was given 
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Fic. 3. Nitrogen balance in patient A. R. Bottom line represents dietary intake, solid 
black area fecal output and hatched area urinary excretion. Positive balance is indicated by 
the distance below the zero line to the hatched area, negative balance by the area of the 
hatching above the zero line. 
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Phosphorus balance in patient A. R. Similar dimensions as Fig. 3. 
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DAILY URINARY EXCRETION OF CREATINE AND CREATININE 
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Fic. 5. Urinary excretion of creatine and creatinine in patient A. R. 


This level then declined somewhat to 8.5 microgm. per cent and rose again to 
11.9 microgm. per cent 24 hours after injection of triac. There was another 
decline to 6.9 microgm. per cent, but then in contrast to the previous changes 
there was a further decrease to 5.7 microgm. per cent after administration of 
triiodothyronine. 

Initially the patient was in slightly positive nitrogen balance (Fig. 3). 
Tetrac did not appear to alter the balance appreciably. Triac appeared to 
decrease the positive balance to a condition of nitrogen equilibrium, and 
triiodothyronine caused a slight shift to a state of negative nitrogen balance. 
On phosphorus balance (Fig. 4) tetrac again had very little effect; triac pro- 
duced a definite shift to negative balance and triiodothyronine also produced a 
diuresis of phosphorus. The urinary excretion of creatinine was relatively con- 
stant throughout the experimental period (Fig. 5). The urinary excretion of 
creatine was not altered following injection of tetrac but there was a marked 
increase in the excretion of creatine within 24 hours after administration of 
both triac and triiodothyronine. 


DISCUSSION 


Neither thyroxine (14) nor triiodothyronine (8) accelerates directly the oxy- 
gen consumption of tissue slices im vitro. The present experiments indicate that 
tetrac and triac behave similarly. On the other hand, Thibault and Pitt-Rivers 
(3) noted an immediate acceleration of oxygen utilization of kidney slices 
within the first 15 minutes of incubation with 5 x 10-* M tetrac and 10-* M 
triac, and the effect persisted for about 90 minutes of incubation. They stated 
that higher concentrations of the compounds were ineffective in stimulating 
oxygen uptake and actually appeared to inhibit respiration of the tissues. The 
discrepancy between their results and ours is inexplicable at present. Barker 
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and Lewis have observed that tetrac and triac do not accelerate the oxygen 
uptake of tissues im vitro (15), and that tetrac and triac are less potent than 
thyroxine and triiodothyronine respectively in inducing an increased oxygen 
uptake of tissues isolated from animals injected with the compounds (16). 
Other investigators have also failed to obtain a direct metabolic effect with 
tetrac or triac in vitro (17). 

Tetrac and triac did increase immediately the oxygen utilization of the rat 
heart homogenate system, but to a slightly less extent than did an equimolar 
amount of thyroxine. This effect is not specific since other compounds similar 
in structure to thyroxine but with alterations in the side chain of the molecule 
(the benzoic acid, acrylic acid and propionic acid analogues) are just as potent 
in this system as thyroxine (9). A complete study of the rate limiting factors 
of the reactions in this system has not been carried out, but the concentration 
of thyroxine used was less than that required to produce a maximal oxygen 
uptake. The mechanism of action of these compounds in this system in acceler- 
ating oxygen consumption and uncoupling oxidative phosphorylation may be 
related to their ability to induce changes in permeability of the mitochondria 
(18). 

From the metabolic studies in the patients with myxedema, it appears that 
triac has more activity than tetrac, but both compounds are less potent than 
triiodothyronine. The fact that the B.M.R. did not reach its highest point 
until 48 hours after injection of triac indicates that this compound does not 
have a more rapid calorigenic action than triiodothyronine when the compounds 
are administered subcutaneously. Since the level of the serum protein bound 
iodine rose within 24 hours after administration of both tetrac and triac, it is 
evident that the compounds were readily absorbed from the subcutaneous sites 
of injection. However they must have remained in the serum longer than tri- 
iodothyronine since after injection of the latter compound the level of serum 
protein bound iodine declined. This phenomenon seems somewhat unusual 
since it has been reported that triac binds to serum protein less readily than 
triiodothyronine (19). Qualitatively the effects of triac and tetrac on oxygen 
consumption and the metabolism of cholesterol, nitrogen, phosphorus and 
creatine resemble closely those of triiodothyronine. 

Rall and his coworkers (20) have obtained results with triac and tetrac in 
patients similar to those presented here. Lerman and Pitt-Rivers (21) have 
observed in patients with myxedema only a slight increase of the B.M.R. 
eight hours after a single intravenous dose of triac with a return of the B.M.R. 
after 24 hours to the pretreatment level. This may be due to more rapid 
metabolism or excretion of triac after intravenous as compared to subcutane- 
ous administration. On daily injection of triac in dosage greater than 2.0 mg., 
however, the B.M.R. did rise substantially. These investigators have noted 
that on daily intravenous administration of triac in dosage less than 1.5 mg. 
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there is little change in the B.M.R. but a significant fall in the level of serum 
cholesterol. Trotter (22) also has found that when euthyroid patients are given 
orally single doses of 2.0 to 4.0 mg. triac the B.M.R. does not rise appreciably 
but the level of the serum cholesterol shows a definite fall. This apparent 
dissociation of response between the B.M.R. and the concentration of the 
serum cholesterol may be a matter of dosage or of route of administration of 
the compound; the present results do not demonstrate any marked difference 
in response of the two functions. Trotter (23) and Goolden (24) have restored 
myxedematous patients to a euthyroid state with daily oral administration of 
triac or tetrac, but the doses used were much larger than the standard replace- 
ment requirements of triiodothyronine or thyroxine. From all observations ob- 
tained to this time the conclusion is warranted that tetrac and triac exert 
definite metabolic effects quantitatively less marked than those produced by 
thyroxine or triiodothyronine. Whether tetrac and triac are formed from 
thyroxine and triiodothyronine in peripheral tissues in order for acceleration 
of metabolism to occur or whether they are simply intermediate compounds 
in the degradation of thyroxine and triiodothyronine is not established yet; 
the latter hypothesis would seem to be more likely. 


SUMMARY 


1. The addition of tetrac or triac to surviving rat kidney or liver slices in 
vitro did not accelerate respiration of the tissues. 

2. Tetrac and triac did augment oxygen utilization of a rat heart homogenate 
system, but to a lesser degree than did thyroxine. 

3. Tetrac administered to two patients with myxedema caused minimal 
metabolic alterations at the dosage used. Triac at four times the dose of tri- 
iodothyronine exerted a definite metabolic effect but this was much less than 
that produced by triiodothyronine. 

4. It is concluded that although tetrac and triac have some metabolic 
activity, it appears unlikely that they can be considered as the metabolically 
active forms of the thyroid hormone in the peripheral tissue. 
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APPENDIX 


Case HISTORIES 
M. G. (J.H.H. #165086). A 71 year old white widowed female entered The Johns Hopkins 


Hospital for the first time on September 20, 1955. She had had a hysterectomy about 25 


years previously; otherwise there were no serious illnesses. About 15 years prior to admission 
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she had developed weakness and fatigue and was told by a physician that she was anemic. 
For the previous 10 years she had noted puffiness around the eyes and for five years had been 
intolerant to cold and her voice had been hoarse. Her tongue had seemed to become thicker 
and her skin had become coarse and dry. For two years her appetite had been poor and she 
had suffered from severe constipation. The weakness and fatigue increased and were ac- 
companied by dizziness; antianemic medications did not relieve her symptoms and she 
finally sought admission to the hospital. On admission the vital signs were normal except for 
a pulse rate of 60 per minute. She was well developed and well nourished. The voice was very 
hoarse. The skin was dry and thickened. Axillary and pubic hair was sparse. There was 
puffiness around the eyes. No thyroid tissue was palpable. The heart was not remarkable 
except for a soft blowing systolic murmur at the apex. Deep tendon reflexes showed a slow 
relaxation phase. Other physical findings were within normal limits. Basal metabolic rate 
was —32 per cent of standard, serum cholesterol 445 mg. per cent and serum protein bound 
iodine 0.8 microgm. per cent. A diagnosis of primary myxedema was made. After completion 
of the metabolic studies the patient was given desiccated thyroid. She showed some clinical 
improvement after discharge from the hospital, but the daily dose of desiccated thyroid 
could not be increased above 32 mg. because of the development of angina. 


A. R. (J.H.H. #274601). A 70 year old white widowed female entered The Johns Hopkins 
Hospital for the first time on December 8, 1955. She had a hysterectomy in 1938 and a 
herniorrhaphy in 1942; otherwise her past history was not remarkable. In 1952 she had a 
thyroidectomy for non toxic goiter and subsequently a series of x-ray treatments was ad- 
ministered to her neck. Microscopic examination of the tissue removed revealed Hashimoto’s 
struma. During the next two years the patient developed lethargy, unsteadiness, weakness, 
hoarseness, intolerance to cold, poor memory and dry skin. On admission to the hospital, 
physical examination disclosed a lethargic, pale, well developed, well nourished female. Blood 
pressure was 140/90 and the other vital signs were normal. The skin was coarse and dry; 
there was no palpable thyroid tissue in the neck; axillary hair was scanty; other physical 
findings were within normal limits. Initial basal metabolic rate was —32 per cent of standard, 
serum cholesterol was 500 mg. per cent and serum protein bound iodine was 2.8 microgm. 
per cent. A diagnosis of primary myxedema was made. After the metabolic studies were 
completed the patient was given desiccated thyroid with marked clinical improvement and 
return to a euthyroid state following discharge from the hospital. 
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INFECTION OF THE UPPER RESPIRATORY TRACT OF THE 
CHICK WITH A MILD (VACCINE) STRAIN OF NEWCASTLE 
DISEASE VIRUS 


I. INITIATION AND SPREAD OF THE INFECTION!: ? 


T. BURNSTEIN? ann F. B. BANG 
The Department of Pathobiology, The Johns Hopkins University School of Hygiene 


Received for publication November 18, 1957 


Although much is known about viral infections of the upper respiratory 
tract (1), relatively little is known about their pathogenesis in the natural host. 
There are several reasons for this: the disease is usually mild; in many infec- 
tions, the primary viral effect is obscured by a secondary bacterial lesion; 
the virus is not always infectious for experimental animals; and infections 
which are produced in the experimental animal usually do not simulate the 
natural disease. 

A natural infection of a small laboratory animal which could serve as a 
prototype for upper respiratory disease studies would then be invaluable in 
broadening our understanding of the pathogenesis of these diseases. We feel 
that the infection produced in chicks by the mild strain of Newcastle disease 
virus is such a model. The studies on this experimental model presented in the 
first paper consider the distribution of virus within the upper respiratory tract 
as influenced by the method of infection. The accompanying paper (2) describes 
the infection which is produced in the nasal portion of the respiratory tract. 


METHODS 


Stock Virus. The “‘vaccine” or B-1 strain of Newcastle disease virus was used throughout 
this work (3). Virus was obtained from pooled allantoic fluid from infected eggs and stored 
in ampoules in dry ice. The titer was approximately 10*-5 E.I.D.50/1 ml. For preparing 
inocula the stock virus was diluted in phosphate buffered physiological saline at a pH of 
7.2. 

Chicks. Chicks were hatched from eggs laid by White Leghorn hens free of Newcastle 
disease. The hens had been raised in isolation, and both hens and egg yolks had been tested 
at intervals for antibodies. No chicks were found resistant to the virus. Chicks were main- 
tained in brooders at 80-85°F. 

Harvesting and virus titration of tissues. At selected intervals after inoculation, chicks 
were sacrificed with sodium pentobarbital. 30-35 ml. sterile buffered saline solution perfused 
into the left ventricle until water-clear fluids ran out of the incised right jugular vein. Tissues 
were removed, washed with saline and stored at —20°C. 





! These studies were supported by a Grant-in-Aid from the U. S. Public Health Service 
(E-135) and from the Lasdon Foundation. 

2 A preliminary report of this work appeared in Federation Proceedings, 1955, 14: 619. 

3 Fellow of the National Foundation for Infantile Paralysis. Present address: Mercke 
Sharp & Dohme Institute for Therapeutic Research, West Point, Pa. 
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For titrations tissues were weighed, minced with scissors and ground in glass grinders tn 
PBS containing 5,000 units of penicillin and 20 mgm. of streptomycin/ml. Serial tenfold 
dilutions of uncentrifuged 10 per cent suspensions were made in PBS and inoculated into the 
allantoic cavity of 10 or 11 day embryonated eggs. Four or 5 eggs were used for each dilution, 
Eggs were incubated at 35°C. for 48 hours to 60 hours, then chilled. Presence of virus was 
established by demonstrating haemagglutinins in the allantoic fluid of individual eggs, 
Specificity of the haemagglutinin was shown by the characteristic haemagglutination of this 
strain of Newcastle disease virus (4) and in some experiments it was further shown that 
Newcastle disease antiserum inhibited the haemagglutination of positive fluids. The E.1.D.;, 
(embryo infective doses9) was calculated by the method of Reed and Muench (5). 

Nasal, tracheal and lung tissues were titered. The air sacs were not studied. The term 
“‘nasal’”’ as used here refers to all tissues within the beak of the chick from the anterior border 
of the orbit to the nostril, and so includes glands and other structures in addition to the tur- 
binates. The trachea was cut just below the larynx anteriorly and above the syrinx posteriorly. 
The lungs were removed intact. 


EXPERIMENTAL 


Preliminary experiments had indicated that after infecting chicks intranasally, 
virus could be isolated only from the nasal tissues of some, and from the nasal 
tissues, trachea and lungs of others. Some of the factors that might influence 
localization and spread of virus within the respiratory tract were studied. 

In all of our experiments (except when specifically indicated) unanesthe- 
tized chicks were infected intranasally with a small drop of inoculum into 
each nostril administered with a tuberculin syringe and 27 gauge needle. By 


TABLE I 


Recovery of Virus from the Respiratory Tract of Chicks following Intranasal Inoculation 





Amounts of Virus Found in the 








Day Tested 
Turbinates | Trachea Lungs 
1 3.0 0* 0* 
5.0 0 0 
2 3.5 0 0 
4.5 0 0 
4 4.3 5.0 1.3 
4.5 0 0 
5 4.7 0 0 
4.3 0 0 
7 ye 0 0 
2.0 1.7 3.5 
9 1.7 0 0 
0* 0 0 
10 0 0 0 
0 0 0 


Inoculum = 2 X 10® EIDso per .02 ml. 

* Negative at 107. 

The titers are expressed as negative logarithms of the tenfold dilution which produced 50% 
infection. 
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TABLE II 
Virus Recovery from the Turbinates Compared to That of Lower Respiratory Tract 
Days After Inoculation No. of Birds Tested 3 ba in ea one SS. 

1 | 7 | 7 0 

: 8 7 1 

3 6 5 1 

4 9 7 2 

5 6 6 0 

6 5 3 0 

7 5 4 1 

8 5 2 0 

9 5 2 | 1 

10 4 1 0 
iccataranntsdpand | 60 44 6 





Inoculum = 2 X 10® EIDso per .02 ml. 


this method, each bird received less than .02 ml. of inoculum containing ap- 
proximately 10° E.I.D.s0 of virus. 

Table I shows the results of one such experiment in which ten pairs of birds 
were sacrificed on successive days after inoculation. In only 2 of the 17 positive 
chicks was virus found in tissues other than in the nasal tissues. Titers in these 
tissues were relatively high in the early stages but tapered off until on day 9 
no virus was detected. The birds were asymptomatic at the time of sacrifice. 
No sneezing or other classical symptoms of upper respiratory infection were 
observed at any time. 

Five subsequent experiments were done and the results are summarized in 
Table II. It is to be emphasized that all birds in these tests received less than 
02 ml./inoculum. Virus was essentially localized in the nasal tissues and only 
in a few instances did it get to the trachea and lungs. Table II also shows 
that virus was not recovered at all from 10 of the 60 chicks studied. All of 
these were sacrificed on or after the sixth day of the infection. It is probable 
that antibodies prevented recovery of virus. 

Since the usual procedure in intranasal inoculation includes anesthesia and 
since more fluid is customarily used in intranasal inoculations, the question 
arose as to whether our method of inoculation and the amount of fluid used 
might be factors in the localization of virus in the nasal tissues. 

Therefore, to trace the spread of inoculated fluids, India ink was introduced 
into the nostrils of chicks. Group I received .02 ml. as given above. Group II 
received all that could be administered without flooding over of the nostril. The 
amount varied between .12 ml.—.15 ml. per bird. Group III was anaesthetized 
with ether and given 0.1 ml. Gurgling sounds were interpreted as evidence that 
fluids reached the lungs. Birds were sacrificed 2 minutes after inoculation, 
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TABLE III 
Spread of Diluted Allantoic Fluids Containing P-32 Following Intranasal Instillation 





Tissue | Weight in mgm. Counts per Minute Counts per Minute 





per 100 mgm. 
Turb. 82 | 1729 2108 
Trach. 55 57 | 104 
Lung | 170 75 44 
Crop 550 1210 220 
Blood 105* 15 14 





Inoculation contained 22,300 counts/min. in .02 ml. 
Spec. Grav. of blood is 1.05. 


tissues exposed, and the spread of the ink was determined under a dissecting 
microscope, with the following results: 

The nasal cavities of all birds were blackened with ink. In Group I, there 
was no evidence that the ink had gone to the trachea or lungs, although there 
were dark areas in the pharynx. In both Groups II and ITI ink was seen in the 
trachea as well as in the large bronchi. In the latter groups ink was also seen 
in the esophagus and crop; swallowing had been observed during the inocula- 
tions, especially in Group II. 

These crude experiments indicated that if unanesthetized birds were care- 
fully given small amounts of fluids intranasally, the fluids would not reach the 
lower respiratory tract. An isotope was then used in an attempt to trace events 
more accurately. 

Normal allantoic fluids were diluted 1-1000 in buffered saline solution, and 
0S ml. of a phosphate solution‘ containing the isotope P:: was added to the 
diluted fluids. Three chicks were inoculated intranasally with .02 ml., sacrificed 
after 2 minutes and the turbinates, trachea, lungs, crop collected as quickly as 
possible. After obtaining wet weight, the tissues were homogenized and made 
into 10 per cent suspensions with saline. One-tenth ml. of each tissue suspen- 
sion and a similar amount of blood was placed in a separate planchet and dried. 
Tests were made in a Geiger Mueller counter. The results from one bird are 
shown in Table III; the other 2 birds were comparable. 

That 85 per cent of the P32 could not be accounted for is probably explained 
by the fact that certain tissues were not tested. These included the walls of the 
nasal chamber, portions of the nasal septum, the pharynx and the esophagus. 
Nevertheless, it can be seen that of the demonstrable isotope the main portion 
did not go beyond the turbinates, some had made its way to the alimentary 
tract and relatively little spread to the lower respiratory tract. The P32 in the 
blood would probably account for some of the activity of the lungs. 

Another question had been raised by the crude experiments in which quanti- 


‘ Furnished by Oakridge National Laboratory “as phosphate in weak HCl.” 
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TABLE IV 
Spread of Virus in Respiratory Tract as Influenced by Inoculation 
| zo. | No-with | No. with Virus | Virus 
Inoculation ae Virus in /Virus in Lungs; Titer* in Titer* in 
| ‘ Turb. and Trachea | Turb. Lungs 
By intranasal inoculation of .02 ml. of | 
| ae cleaner Se Ieper ee 8 | 8 0 | 4.2 — 
By intranasal inoculation of .12-.15 | 
RR Seen s | 8 6 | 4.4 2.2¢ 
By intranasal inoculation of 0.1 ml. 
re 8 | 8 8 | 4.0 | 3.7 
PPIIIIES 6.5 occ ccivcsdecsvcecenes | 8 8 8 4.2 5.1 





* Titers are mean values. 
t Includes only the 6 birds with virus in the lungs. 


ties of ink had reached the trachea and bronchi: whether virus introduced in 
the same way would multiply in the trachea and lungs? Virus therefore was 
substituted for India ink in repeating the experiments previously described 
for Groups II and III. In addition aerosol inhalation of virus was effected by 
placing chicks in a plastic chamber as described by Coburn ef al. (6) and 
subjecting them to nebulized fluids for 10 minutes under 3 pounds of pressure. 
A Devilbiss No. 40 nebulizer attached to a Cenco compressor was used. 

Two experiments using 4 birds per trial were carried out for each of these 
three methods. Inocula consisted of stock virus diluted to 10-*. The chicks were 
sacrificed 3 days after exposure to virus and tissues were titrated. The results 
are presented in Table IV. 

It can be seen that virus in large amounts was consistently isolated from the 
lungs of chicks which inhaled the inoculum. Those infected under anaesthesia 
showed less virus in the lungs and the group inoculated intranasally yielded 
pulmonary virus only sporadically. The circumstances of entry into the nasal 
passage therefore seem to affect the spread of virus into the lower respiratory 
tract. 

It seemed of interest to determine the distribution of virus in the respiratory 
tract of chicks infected by the “natural” means of contact, since preliminary 
experiments had shown that inoculated chicks could transmit infection to 
susceptible ones in the same brooder. Therefore 5 birds were inoculated 
intranasally. One hour later 5 susceptible chicks were placed in the same 
brooder. In a separate experiment 5 susceptible chicks were placed in with 5 
which had been inoculated 24 hours previously. Both experiments were re- 
peated. Since there were no clinical signs of infection, exposed birds were 
arbitrarily allowed 7, 8 or 9 days to contract and develop infection. The 
exposed birds were then sacrificed and the tissues harvested and tested for 
virus. 
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TABLE V 
Localization of Virus in Birds Contracting Infection by Exposure 
| | . 7 ta . . s 
Experiment | No. Exposed | No. Infected a sow | — i Trach 
: 
| | 
I 5 | 4 4 1 
II | 5 | 4 + 1 
III 5 5 | 5 0 
IV | 5 4 4 | 0 
Totals... | 20 | 17 | 17 | 2 





As can be seen in Table V, 17 of the 20 exposed birds were infected, and of 
these virus was confined to the turbinate areas in 15, and in only two virus 
was isolated from the lower tract. The titers in the turbinates were relatively 
low, the mean titer being 2.7. 

This suggested that the infection was transmitted by other means than 
aerosol since it had been shown that birds infected by aerosol consistently had 
virus in the lungs. Water seemed to be a logical possibility and since experi- 
mental birds all drank from a common trough, the water was tested for viruses. 
In three trials involving 15 intranasally infected birds each, samples of drinking 
water were collected daily for 5 days following inoculation. 5 ml. samples were 
obtained from the water trough which had a 250 ml. capacity. The drinking 
trough was washed and sterilized and the water changed daily. Samples were 
centrifuged, antibiotics were added and eggs were inoculated. Titrations were 
not made. 

Isolations were made from 10 of the 15 samples, virus being present in the 
water daily in at least 2 of 3 experiments. 

Infection of birds by contaminated water was further demonstrated by plac- 
ing 0.1 ml. of virus (10* E.I.D.s0) in a cold water trough. The water was mixed. 
Ten birds, which had been withheld from water for 24 hours were then allowed 
to drink ad libitum. Between 48 and 96 hours later all birds were sacrificed, 
respiratory tracts harvested and tissues tested for virus. Titrations were not 
made. 

Virus was isolated from the turbinates of 8 of the 10, and in only 1 of these 
was virus present in the lungs. 


DISCUSSION 


The curious fact that a virus fully able to grow in any part of the respiratory 
tract may become limited to the upper portion raises a chain of questions. The 
virus, the host and the method of inoculation may be expected to play a role. 
It is of present interest to recall that influenza in ferrets may be limited to the 
turbinate region especially if inoculation is effected with recently isolated 
strains (7), or without anaesthesia (8). 
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Influenza may also be limited to the upper respiratory tract of guinea pigs 
but not of rats (9) or hedgehogs (10). When, on the other hand, the mouse- 
adapted strain is inoculated into mice it grows mostly in the lungs (11). 

Newcastle disease in its severest form in chickens produces a disseminated 
infection and an encephalitis. Milder forms of the disease involve primarily 
the respiratory tract. The mild B-1 strain used here was apparently isolated 
from a chicken with bronchitis (3), and because of its low virulence, it is used 
as a “live” vaccine by the poultry industry. The vaccine is effective when 
given intranasally or intraconjunctivally (12). 

In the studies reported here, we were concerned with the influence of methods 
of infection on the localization of virus within the respiratory tract. Virus 
contained in 0.02 ml. of inoculum, if carefully instilled into the nostrils of 
young chicks produced an infection which did not spread beyond the nasal 
passages. When birds were given excessive amounts of inocula, or if they were 
infected under anesthesia, virus was recovered from the lungs. The relatively 
high titers of the lungs of chicks infected by aerosol suggests that virus can 
multiply in the lungs if it reaches the lower tract in sufficient quantity. 

From birds given isotope in 0.02 ml. of fluid, a small amount (0.6 per cent of 
that administered) was isolated from the lungs and trachea. A similar pro- 
portion of virus-containing inoculum presumably also reached the lower 
passages when so inoculated, but it is possible that a large portion of the virus 
particles were retained by the mucus-ciliary system in the upper tract even 
though some fluid probably passed to the lower tract. Since there were 10° 
EIDso in the original inoculum, it can be supposed that despite the small 
portion of fluid getting to the lungs this would contain a considerable amount 
of virus. Yet the lower tract remains free of virus. It might, however, not be a 
question of relative sensitivity of cells, for it is possible that the mucus-ciliary 
system prevented essentially all virus from coming in contact with susceptible 
cells in the lower passages. 

Under experimental conditions then, it was shown that virus could be con- 
fined to the nasal tissues. Since virus was similarly localized in birds infected 
by contact, it would appear that in at least a proportion of the infections 
occurring in nature, the virus is also limited to the upper passages. 

It should be pointed out that Newcastle disease in the field may be spread 
by aerosol as well as by fomites. Experimentally, an aerosol produced by birds 
infected with the Roakin strain was shown to contain virus and to be infectious 
to other birds (13). We did not attempt to demonstrate transmission by 
aerosol in our studies. 


SUMMARY 


Infection of the nasal passages was established in young chick by the intra- 
nasal instillation of small (0.02 ml.) volumes of the “‘vaccine” strain of New- 
castle disease virus. Virus was recovered from the trachea and lungs of only 


134 T. BURNSTEIN AND F. B. BANG 


a few of these chicks. If, however, larger volumes of inoculum were used or if 
virus was given by aerosol inhalation infection also involves the lower respira. 


tory tract. Inoculum spread was studied with the use of India ink and normal J 


allantoic fluids containing the isotope P-32. 
Infections contracted by contact or through the drinking water were also 
mostly limited to the nasal tract. 
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The entire respiratory tract of chicks is susceptible to infection with the 


vaccine strain of Newcastle virus, but infection can be experimentally limited 
to the upper portion of the tract (1). The amount of virus required to initiate 


| this limited infection, the multiplication of the virus in the upper tract, the 
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gross and histologic anatomy of the chick nasal fossa, and the pathological 
changes caused by the virus are considered in this report. The general methods 


B of procedure were described in the previous paper and procedures peculiar to 
} the microscopic studies will be included with the experimental data. 
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MULTIPLICATION IN NASAL FOSSA 


The establishment of an active persistent and contagious infection indicated 
that virus was multiplying within the respiratory tract. The presence of rela- 
tively large amounts of virus in the early stages of the infection and the 
moderate amounts in later stages further supported this (Text Fig. 1). It is of 
interest to note that virus was isolated from two birds 12 days post-inoculation. 

In order to follow the amount of multiplication in the nasal fossa, the 
nasal tissues were titered at varying intervals during the first 24 hours of the 
infection. In two experiments chicks were infected with 10° EIDgo of virus and 
sacrificed at intervals from 5 minutes to 24 hours. They were not perfused. The 
results are presented in Text Figure 2 which shows that there was an initial 
decrease in demonstrable virus followed by an increase which continued for 
18 to 24 hours. 

The experiment to determine minimal infectious doses (see below) produced 
the clearest evidence of viral multiplication. About 10 EIDso’s initiated in- 
fection yet far more was subsequently recovered. 


1 These studies were supported by a Grant-in-Aid from the U. S. Public Health Service 
(E-135) and from the Lasdon Foundation. 

? A preliminary report of this work appeared in Federation Proceedings, 1955, 14: 619. 

‘Fellow of the National Foundation for Infantile Paralysis. Present address: Mercke 
Sharp & Dohme Institute for Therapeutic Research, West Point, Pa. 
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Text Fic. 1. Amount of virus recovered from turbinates of chicks at different times after 
inoculation. Virus is expressed as the reciprocal of the logarithm dilution which produced 
50% infection of chick embryos. Large inoculum. See text. 
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Text Fic. 2. Similar to Figure 1, except smaller doses of virus were used in the inoculum. 


Minimal Infectious Dose. 


To determine how much virus would initiate infection in the nasal passages, 
four groups of six chicks were respectively inoculated with 10-, 10-*, 10-*, 
and 10~’ dilutions of virus. Each chick received .02 ml. of the respective in- 
oculum which had titer of 10-*5/ml. Groups were placed in separate rooms 
divided into pairs, and each pair put into an individual cage. On the 3rd, 4th, 
and Sth days after inoculation a pair of birds from each group was sacrificed. 
This allowed for the possibility of slower growth of virus in the birds which 
received less virus. Presence of virus was established by inoculating 10 per 
cent turbinate suspensions into eggs incubating and testing for hemagglutinins. 
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TABLE I 


Amounts of Virus Needed to Infect Chicks Intranasally (C.1.D.s9) and Amount Recovered from 
Na sal Cat il Vv 


Inoculum 10-* 10 107° 10 
Day 3 + + 
+ 2.6 3.6 
Day 4 + 4.8 
t 4.7 4.5 
Day 5 + 5.3 5.2 
- 
Totals 6/6 5/6 3/6 0/6 


Inoculum .02 of fluids titrating 8.5/ml 

+ means virus demonstrated to be present by the inoculation of embryos with undiluted 10% 
suspension of ground turbinates. 

— means that a similar inoculum failed to yield virus. 


\ few turbinates were titered as well. Results are summarized in Table I. 
The titration in chicks gave a value of 10° *° when a correction was made for 
volume. The chick infectious doseso (C.I.D.50) therefore approximated 10 
E.1.D.50. 


COMPARISON OF DIFFERENT TURBINATES 


The three turbinates differ from one another histologically (see below) so 
that it was of interest to find how much virus could be recovered from each, 
and whether virus would spread from one to the other. 

Each of three chicks maintained in separate cages had a small drop of in- 
oculum placed carefully inside the right nostril. They were sacrificed after 48 
hours. Each turbinate in the right nostril was painstakingly removed without 
touching another, washed and placed in a tube of phosphate buffered saline. 
The turbinates in the left nostril were removed and pooled. For each bird, 
titrations were made of the individual turbinates taken from the right side 
compared to the pooled structures from the left nostril. 

Table I] shows that virus in essentially like amounts was recovered from 
each turbinate of an individual chick. The amount of the virus in the mucous 
film overlaying the nasal tissues is not known. Some of this would be included 


TABLE II 
Comparison of Amounts of Virus in the Turbinates 


Right Side Left Side 
K : B os ry 
ird Amt Turbinates Mid Post Pooled Turbinates 
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in our titrations. Smaller amounts of virus were isolated from the left turbinate, 
This could have been an indication of a direct spread by way of the common 
choanal opening (Fig. 5) or the chicks could have reinfected themselves via 
the drinking trough (1). 


ANATOMY AND HISTOLOGY 


Although there are several descriptions of the anatomy of the chicken 
respiratory tract (2, 3, 4), the nasal tract of the young chick has not been 
emphasized. The anatomical description to follow is based on gross and histo- 
logical examination of normal two day old chicks, and as well, many of the 
infected chicks studied pathologically (see next section). 

The nasal tract (Figs. 1-5) on each side includes the following principal 
structures separated by a nasal septum: an atrium, the anterior, middle, and 
posterior turbinates, several groups of secretory glands, and the infraorbital 
sinus (4a). 

The atrium or vestibule is immediately inside of the nostril and is enforced 
by overlapping cartilaginous structures which act as mechanical protection. 
Medially and running posteriorly is the anterior turbinate, a triangular struc- 
ture attached dorsolaterally to the bony wall. It has a free ventral edge which 
curves under the atrium. The middle turbinate, the largest of the three, is also 
attached dorsolaterally. It has a free ventral border which curves laterally to 
form a coil of a little over one turn. The posterior turbinate lies above the 
posterior portion of the middle turbinate. It projects medially from the dorso- 
lateral wall as a small, rounded, bubble-like structure. The maxillary gland lies 
medially in the floor of the nasal cavity at the level of the anterior turbinate. 
The serous nasal gland (the lateral nasal gland of reptiles) (4b) lies along the 
entire length of the lateral wall of each chamber and is relatively large. The 
duct extends anteromedially, crosses the cavity floor in the palate wall, and 
curves up to empty near the base of the septal wall at the level of the anterior 
turbinate. The nasal septum separates the right and left passages anteriorly but 
posteriorly loses its lateral attachments of the posterior nares. Thus, the right 
and left side have a common opening. The infraorbital sinus communicates 
with the nasal cavity just behind the posterior attachment of the middle 
turbinate. The sinus is an extensive structure extending from the level of the 
orbit to that of the anterior turbinate. 


Fics. 1-5. Drawings to scale of the turbinates and nasal chambers of 1 day old chicks 
(courtesy Mrs. F. B. Bang). The preparations were made by formalin fixation, then injecting 
liquid (warm) lard. When this was cooled hand sections with a razor blade were possible 
without distortion. 

Fic. 1 is a sagittal section of the left side. The septum has been removed. 

Fics. 2—5 are indicated in relation to Fig. 1. Fig. 5 shows the connection between the sinus 
lying within the posterior turbinate and the well known infraorbital sinus. 
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Figures 1-5 show a sagittal and four selected frontal sections through the 
nasal fossa of a two day old chick. The fifth section shows the common opening 
of the two nasal passages just behind the posterior nares. 

Histologically the nasal cavity is lined by several types of epithelium. A 
modified, stratified squamous epithelium covers the vestibule, the lateral 
portion of the anterior turbinate, and the anterior floor of the cavity which 

d joins the nasal septum at the mucocutaneous junction. A ciliated columnar 
epithelium covers the medial surface of the anterior turbinate, both surfaces 
of the middle turbinate, the nasal walls, and most of the other structures within 

af the cavity. This type varies in thickness, and is pseudostratified and more 

n columnar in areas exposed to air currents. Thin, cuboidal layers are seen on the 
lateral side of the middle turbinate. Interspersed among the epithelial cells are 
the openings of numerous mucous glands or individual goblet cells. The glands 


ital are present throughout the respiratory epithelium. The epithelium in the sinus 
US is of a short cuboidal, ciliated type. Olfactory epithelium covers the surface of 


the posterior turbinate and extends dorsomedially to the dorsum or the nasal 
septum (Fig. 10). The tall columnar cells, regular in structure, are easily 
distinguishable from respiratory epithelium. There are numerous Bowman’s 
; glands in the submucosa. The nasal gland is a compound tubuloalveolar gland 
and is easily identified. The nasal duct is lined with simple cuboidal epithelium. 


PATHOLOGY 


Although the chicks were asymptomatic during infection and no gross lesions 
were apparent, preliminary microscopic examination of a few turbinates 
showed pathological changes. A systematic histological study of the nasal 

mal cavities of infected birds was therefore undertaken. 

“b Eighteen chicks from five of the above experiments were studied at selected 
intervals after inoculation. They were not perfused. As soon as possible after 
death of a chick one side of the nasal cavity was removed for virus assay and 
the other fixed in 10 per cent formaldehyde. Tissues were trimmed, embedded 


q of in paraffin and cut at 6 or 7y. Sections were cut at 3 or 4 levels of the nasal 
w7 . . . oe aid . 
dle region so that all important structures could be included. Tissues were stained 
inate with hematoxylin and eosin. 


The sporadic distribution of the lesions is summarized in Table II and 
Figure 6. All the birds sacrificed after 24 hours had some degree of pathological 
change. The changes varied in intensity. There was no correlation with length 
of infection nor with the amount of virus on the contra-lateral side. 

The nasal passages of all birds exhibiting lesions contained exudate made up 
of desquamated epithelial cells, leucocytes, mucus and debris. The most com- 
mon lesion was a sporadic thickening of the submucosal layer of ciliated epithe- 
lium caused by infiltrating lymphocytic cells usually accompanied by edema 
and congestion (Figs. 7 and 8). Infiltrations were also seen underlying stratified 
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TABLE III 


Pathological Studies of the Nasal Tract of Chicks Infected with Newcastle Disease Virus 


Day of Intensity | Virus Present Exudate > ° Infra 
ei ~ oa nenenal ‘Side on Turb Turb. Purb Gland poy a 
V-14 4 hr. N N N N N N N 
V-4 1 + + P N N N N N P 
H-6 2 + + y N N N N s 
V-5 2 ++-+ + P N P 4 N P Pp 
S-4 2 + + + P N N r N N P 
H-9 4 ++ + P P P N P P P 
H-10 4 + + P N P N N N P 
V-7 4 + + P N P P N N P 
S-7 4 rt + P N N N N y P 
S.8 4 4. 4 4 P P P N N 4 
P-1 4 rrr t + P gy P 4 P P P 
P-2 4 +++ + P N 4 , P P P 
H-13 5 t + 4 N P P P N P 
H-14 5 + + + P N - N N P 
H-17 7 + t P N P N N P 
H-18 7 + + P N I 4 s P P 
V-12 9 + + P N N N N N P 
H-23 12 + + + 4 4 P N P N P 
H-24 12 os - P N N N N N P 
P = presence of lesion 
N = lesions were not seen. 


* Lesions seen in structures not listed, e.g. nasal septum or other glands, etc. 


squamous and olfactory epithelium. The stratified epithelium appeared un- 
affected. The ciliated columnar epithelium showed occasional areas of necrosis 
and desquamation, usually in areas with submucosal involvement. Necrotic 
changes were not confined to any particular areas but were seen in all regions 
lined by ciliated epithelium (lig. 9). The olfactory mucosa (Fig. 10) in a number 
of birds was destroyed (Figs. 11 and 12). Cellular necrosis and desquamation 
had taken place. The lamina propria was thickened with infiltrated cells. Other 
birds showed only patches of olfactory involvement. 

The nasal gland in several birds showed increased numbers of round cells 
in the interstitial tissue. In two birds alveolar plugs as well as necrotic cells 
were seen. The inflammatory changes in the infraorbital sinus were similar 
to those described in the turbinates (Fig. 9). 

ELECTRON MICROSCOPY 
Methods. The chicks were anaesthetised and the turbinate fixed in situ with a 
2 per cent solution of osmic acid in veronal buffer. Pieces of the middle turbinate 


near the tip of the scroll, and from the center of the posterior turbinate were 
removed from two normal chicks, and from one chick each at 1, 2, 4, 449, 6 and 


8 days of infection. The tissue was dehydrated, embedded in methacrylate and 
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Fic. 6. Lesions in nasal structures of chick 96 hours post-infection. Schematic diagrams 


representing frontal sections cut through the level of the approximate middle of each of the 
three turbinates. The lesions are shown on the left side of each diagram; the right side was 
used for virus titration and is drawn as normal. The heavy blackened areas indicate foci 
of round cell accumulations except for those in the nasal gland which represent necrotic 
plugs. The dotted line indicates epithelial involvement. 

Fic. 7. Middle turbinate and lateral nasal wall. Tip of turbinate has accumulation 
of lymphocytic cells extending from cartilage to epithelial surface. H. and E. 100. 
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Fic. 8. Ciliated epithelium of middle turbinate. Accumulation of lymphocytic cells 


encroaching on surface epithelium. Note absence of cilia at right. Area to left contains goblet 
cells and normal ciliated epithelium. H. and E. «450. 

Fic. 9. Infraorbital sinus. Epithelial lining thickened with infiltrated cells. Some ciliated 
areas were destroyed. H. and E. 200. 
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Fic. 10. Posterior turbinate showing normal olfactory epithelium. H. and E. 100. 


Fic. 11. Posterior turbinate. Destruction of olfactory epithelium. H. and E. X225. 
Fic. 12. Posterior turbinate. Extensive destruction of olfactory cells. The epithelium is 
thickened and edematous. Note proliferation of Bowman’s glands. H. and E. 225. 
145 
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Fic. 13. Low power electron microscope picture of mucus gland and opening surrounded are e 
ciliated cells. X 3580. Compare with normal portion of Fig. 7. 
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Fic. 14. Higher power view of a portion of middle turbinate where tufts of cilia are 
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surrounded by the overlying mucus. The desquamated cells and cell debris in the mucus 
are either wandering leucocytes or parts of the breakdown of effete epithelial cells. «7500. 
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TABLE IV 
Changes Seen by Electron Microscopy in Middle and Posterior Turbinates 


Days 


— Middle Turbinate Posterior Turbinate 
n 
fection 


Cells show a suggestion of irregular surfaces with many | Very irregular surfaces with large 
short stubby microvilli. drops of mucus secreted be 

tween the cilia. 

Patchy appearance of cilia though most cells have 
many. Microvilli larger than controls. 

Irregular stubby projections from cell surface. Spheri Cells intact. Mucosal surface not 
cal bodies which could be either virus or altered endo present in block of tissue sec 
plasmic reticulum are present throughout cytoplasm. tioned 

Most cells intact with few areas where cells show globu 
lar secretion between cilia. 

Similar to 2 day specimen. Irregular cell surface with actual 
breakdown of cell morphology 
and release of cell contents in 
cluding mitochondria. 

No cilia found on cell surface. Cells surface with short 

microvilli which project into the exudate above. 


sectioned on a Porter-Blum microtome. The sections were mounted on col- 
lodion and examined in an R.C.A. 50 K.V.E.M.U. microscope. We are indebted 
to Mrs. I. Vellisto for the preparation of these sections. 

Normal structures. A low power orientation photograph of the middle turbinate 
shows the mucus-secreting cells collected like small glands between the rows of 
ciliated cells (Fig. 13). Tufts of cilia project into the mucus sheet (Fig. 14) and 
remnants of cellular debris are found within this sheet. The individual ciliated 
cells show a characteristic network of microvilli at the base of the cilia (Fig. 
15). The location of the basal bodies below the cell membrane is apparent. 
The cells themselves are similar to those which have been described for other 
respiratory passages (5, 8). The cilia show the usual radial longitudinal fibres 
surrounding a central double fibre. The portion of posterior turbinate which 
was sectioned did not show any cilia (Fig. 16). The microvilli are extremely 
long and do not have any internal structure. 

Pathological structures. Both in the middle and in the posterior turbinate certain 


changes were found. These are summarized in Table IV. On day 4 some areas 


of the middle turbinate (Fig. 17) had sparse and irregular cilia and in other 


Fic. 15. Portion of a ciliated cells from the middle turbinate. Characteristic cilia, microvilli 
and mitochondria are apparent. 11,040 

Fic. 16. Portion of several epithelial (presumed olfactory) cells from uninfected posterior 
turbinate. Although the process of destruction was observed in this area in other animals, 
no characteristic changes were found. 7824. 





is simi 


Fics. 17-19 
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areas replacement cells were observed where there formerly were ciliated cells 
(Fig. 18). On day 8, in the area studied, the ciliated surface had disappeared 
and the remaining epithelium had short regenerating microvilli (Fig. 19). 
Actual cell destruction was seen on day 6 in the posterior turbinate. 

Even though sections were taken at intervals after infection, the spottiness 
of the infection and the limited areas available to an electron microscope study 
preclude a reasoned guess about the sequence of events. 


VIRUS ANTIGEN LOCALIZED BY FLUORESCENT ANTIBODY 


To determine whether the fluorescent antibody method (9) could be utilized 
for Newcastle disease virus an antiserum was prepared in chickens, crudely 
purified and conjugated to fluorescein isocyanate. Chorio-allantoic membranes 
from infected embryos inoculated intraallantoically were harvested and frozen. 
Frozen sections were cut. After absorbing out nonspecific fluorescence with 
chick embryo powder and chicken liver powder, the conjugated serum was 
added to sections of the egg membrane and examined for fluorescence. Speci- 
ficity of the reaction for the membranes and also for the chick tissues, as de- 
scribed below, was shown by lack of fluorescence in the following: (1) N.D.V. 
infected tissue plus influenza antiserum conjugate; (2) normal tissue plus 
N.D.V. antiserum conjugate; (3) pre-treatment of N.D.V. infected tissue with 
unconjugated N.D.V. antiserum and thereafter with the conjugated serum. 

Four birds were sacrificed 96 hours after intranasal inoculation of virus. The 
nasal cavity was removed anterior to the eye ball. The turbinate region was 
trimmed of skin and beak and divided sagittally into right and left portions. 
The right side, containing the nasal septum and three turbinates, was placed 
in a vial and quick-frozen in alcohol and dry ice and stored at —20°C. The 


left side was frozen and set aside for virus assay. Approximately 25 frozen 
sections were cut from the turbinate region of each of the 4 birds. The sections 
were stained as above and examined for fluorescence. Some control sections 
were similarly treated. 


Sporadic areas of fluorescence were seen in each of the 4 birds but they were 
less intense than those in the chorio-allantoic membrane (Figs. 20, 21, 22). 
Among the 4 chicks fluorescent areas were not consistent in location or in- 
tensity. They were seen on the surface of the posterior turbinate, in the cyto- 


Fic. 17. Beginning disintegration and destruction of ciliated cells in middle turbinate. 
The mucus cell shown only as a portion of a cell in extreme right is protruding above the 
ciliated surface. X5732. 

Fic. 18. Area of replacement of ciliated cells by new non-ciliated cells with long profuse 
microvilli. The extent of such changes was determined in the phase microscope by scanning 
larger areas. This was taken from the edge of a focal lesion. « 8030. 

Fic. 19. Higher magnification of the surface of one of the replacement cells in a lesion. This 
is similar to the changes seen in influenza infection of the ferret (8). 25,000. 
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plasm, on the gfirface of the ciliated epithelium of the middle turbinate, in one 
bird on the latéral wall, and in another on the cells lining the nasal duct. In no 
case was fluorescence noted in the nuclei, nor was it seen on stratified squamous 
epithelium. 


INFLUENCE OF LACK OF VITAMIN A 


It is well known that respiratory epithelium in animals deprived of vitamin 
A undergoes metaplasia from a ciliated columnar to a stratified squamous 
type (10). It seemed of interest to study the effects of this strain of Newcastle 
disease virus on vitamin-deficient chicks in regard to the localization of virus 
within the respiratory tract and the effect on mortality. 

A change in the general procedure of using 2 or 3 day old chicks had to be 
made, since the effects of avitaminosis A appear after a minimum of 3 weeks. 
Newly hatched chicks were placed on diets containing carbohydrate 45 per 
cent consisting of white cornmeal and hominy grits, casein 12 per cent, brewers 
yeast 5 per cent, wheat middlings 30 per cent, irradiated yeast 1 per cent, 
salt 2 per cent. 

Control chicks were fed on a commercial starting mash. The special diets 
were maintained until weakness, ocular disturbances, hyperkeratosis of the 
beak and other early signs of deficiency were noted in the A-deprived chicks. 
Deficiency was confirmed by examining the kidneys of one or two chicks for 
urates. 

Several deficient birds, both infected and controls, were studied histo- 
logically to determine the degree of metaplasia and whether there were specific 
viral lesions. 

Metaplasia was observed in the turbinate regions of the 4 birds studied 
histologically. Stratified squamous epithelium had taken the place of the 
ciliated cells in most of the areas studied. Purulent exudate was present 
throughout the nasal chamber. Accumulations of cells, both monocytic and 
polymorphonuclear were seen both on the surface of the epithelia and in the 
submucosal areas. The stratified cells appeared unaffected. The changes 
described were present both in the controls and infected. 

The deficient birds were divided into two groups, one of which was inoculated 
intranasally with virus, and the other kept as uninoculated controls. At the 
same time a third group of normal chicks of the same age, was given virus. A 
fourth group acted as normally fed uninfected controls. The experiment was 
terminated in 72 to 96 hours, at which time 3 infected birds from both the 
deficient and normal groups were assayed for virus. Three experiments were 
done. The results of the virus studies are presented in Table V. 

Virus localized in the turbinate region in all 9 deficient animals and did not 
spread to the lower tract. Blood was tested in two experiments for possible 
Viraemia since a generalized infection was possible in such debilitated birds. 
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TABLE V 

Effect of Virus on Vitamin A Deficient Birds 
Exp. Deaths | Turb. Virus in Tra.| Lung. | Bl. 
1 | Deficient Infected 1/6 3.5 0 0 | nt 
2.5 0 0 NT 
4.2 o | o | wnt 
Controls 0/6 o = — — 
| Normal Infected 0/6 2.2 0 0 NT 
4.5 0 0 NT 
be 0 0 NT 
Controls 0/6 —_ — — _ 
2 Deficient Infected | 2/6 2.5 0 0 0 
3.0 0 0 0 
3.5 0 0 0 
Control 0/6 — — a | — 
Normal Infected 0/6 ; 63 0 0 0 
4.5 0 0 NT 
| 3.7 0 0 NT 
Control 0/6 — — — _ 
3 | Deficient Infected | 2/14 4.5 . 3.64 0 
3.7 0 0 0 
a 0 0 
Control 0/10 _ —_ —- _ 

| ae 

| Normal _ Infected 0/10 | 4.5 o | o | o 
4.5 0 0 | 0 
| a ae 2 ee on 
Control | 0/6 — _ _ — 


Despite the presence of gross purulent exudate, virus was found in the usual 
amount in the nasal fossa. Deaths did occur in the infected deficient groups but 
probably not in significant numbers. 


DISCUSSION 


Although the nasal tract is the threshold of entry for most of the viruses 
which produce diseases of the respiratory system, very little is known about 
the pathogenesis of the infections which occur in the upper respiratory tract 
(e.g. acute rhinitis with its multiple virus cause) as compared to those affecting 
the lower tract (e.g. influenza and psittacosis). The need for a suitable model 
for the study of these mild infections of the nasal passages is obvious. Certain 
criteria should be considered in the selection of the experimental model: the 
virus should have the same degree of virulence and invasiveness as does the 
one causing the natural infection; and the effects of the experimental infection 
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should be similar to those of the natural disease under study. For instance, 
although influenza has been extensively studied in the mouse and ferret and 
other rodents, there is no agreement as to the similarity of infections with that 
of man. In the ferret, influenza destroys ciliated epithelium (11). However, in 
the mouse the destruction of epithelium is questioned (12). Furthermore pneu- 
monia is the prominent feature of influenza in the mouse (13). The demonstra- 
tion that infection by the mild strain of Newcastle virus could be limited to 
the nasal tract (1) suggested the use of this system as an experimental model 
for the study of acute rhinitis. Accordingly certain aspects of the pathogenesis 
of this infection were studied. 

It was found that relatively little virus was required to initiate infection. 
When larger amounts were given the virus titers decreased at first and then 
reached high levels by the first or second day of infection and remained so for 
4 or 5 days. They then began to decrease until virus became difficult to demon- 
strate by 8 to 10 days. This dampening effect was probably due to antibodies 
which have been shown to become detectable at approximately the fifth day 
of infection (14). 

The fluorescent antibody study, the comparative titrations of individual 
turbinates, and the pathological studies suggest that virus was distributed 
throughout most of the upper tract. The spread of virus was probably due to 
ciliary action and direct cellular spread. 

Lesions occurred sporadically through most of the nasal tissues. In some areas 
ciliated epithelial cells were destroyed and in others only submucosal layers 
were involved. 

Because of the focal nature of the lesions the electron microscope studies 
have been of limited and selective value. The appearance of replacement cells 
in the areas of focal destruction was recognized by the presence of rows of 
epithelial cells which lacked cilia and had profuse but short microvilli. This is 
similar to the initial phase of influenza in the ferret (8). 

Although emphasis in this study has been on spread through the respiratory 
tract, it should be remembered that Newcastle virus is also a typical neurotropic 
virus. The growth of the virus in the posterior turbinate and the destruction 
of olfactory cells by the virus prepares the way for entrance into the central 
nervous system. In one small experiment (unpublished) we did recover about 
100 I.D.s0’s from the brain of 2 out of 6 chicks inoculated intranasally. This 
same strain of virus also has been found to produce hyperplasia of the epi- 
thelium lining the chorio-allantoic membrane and pneumonia of the 18 day 
chicken embryo (15). 

The mildness of the Newcastle infection studied here, the localization of 
virus in the upper tract and the focal lesions are in many ways analogous to 
the acute rhinitis or common cold of man. The etiological agent of the common 
cold has not been found. Recently, however, a number of new viruses have been 
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isolated from acute upper respiratory infections (16, 17) that would be con- 
sidered by many clinicians to be the common cold. Thus it is possible that the 
latter is a complex which can be caused by a number of different agents. If 
this is so, then there is a definite need for a model which simulates this disease 
in man. Since the infection studied here has a number of features in common 
with the human rhinitis, and since it readily lends itself to experimentation, we 
feel that the mild Newcastle infection is an excellent model for the study of 
upper respiratory infections. 


SUMMARY 


When chicks were inoculated with Newcastle disease virus intranasally there 
was an initial decrease in the amount of virus in the turbinates. Then the virus 
increased in amount within the first 18-24 hours; maintained a titer of up to 10 
for 4 days and decreased thereafter. It was found as late as 12 days in perfused 
material despite the beginning appearance of antibodies. The least amount of 
virus which initiated infection was about 10 E.I.D. Virus was recovered in 
essentially equal amounts in all three turbinates following inoculation on one 
side and was also recovered on the other side of the nasal chamber. 

A study of the anatomy of this region demonstrated a gross similarity to the 
human arrangement. A study of the pathology of the disease showed focal 
lesions in which the mucosa was ulcerated and replaced by inflammatory 
tissue. No particular area of the upper respiratory tract was affected. The 
submicroscopic changes in infected cells were studied by electron microscopy. 
Virus was not identified. Disintegration of the cells without the formation of 
microvilli was found along with ballooning of mitochondria. There was no 
selective destruction of the cilia. By means of fluorescent antibody the virus 
was found in the same areas in which lesions were present confirming the focal 
nature of the disease. Although a group of chickens were made severely de- 
ficient in vitamin A, thus changing much of the ciliated and mucous epithelia 
to squamous, virus infection was still limited to the nasal tract. 


We are indebted to Drs. A. H. Coons and C. Liu for their advice and for the use of their 
facilities to conduct the fluorescent antibody studies. 

Also we are extremely grateful to Mrs. Betsy Bang for her assistance and drawings for the 
anatomical studies. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING OF 
THE JOHNS HOPKINS MEDICAL SOCIETY 


December 9, 1957 


THE EFFECTS OF TEMPERATURE, THYROID HORMONE, L-EPINEPHRINE AND 
L-NOREPINEPHRINE ON VENTRICULAR CONTRACTION AND 
RELAXATION 


WILi1AM R. BREwsSTER, JR. AND JAMEs P. Isaacs 


The effect of temperature, thyroid hormone, and l-epinephrine and |-norepinephrine on 
ventricular muscle kinetics has been studied by isometric myograms obtained by the use of 
strain gauge arches sutured to the ventricles of euthyroid, athyroid, and thyroid fed dogs, 
at temperatures varying from 40°C to 20°C. In similar experiments l-epinephrine and 1-nor- 
epinephrine were individually infused in the above three types of dogs, previously given a 
preganglionic sympathetic block with dilute procaine. Oxygen consumption, heart rate, 
inflow and outflow ventricular pressures, and electrocardiograms were also obtained. 

Q 10 values and activation energies were calculated from Arrhenius plots of durations, 
rates, and actual tensions of three basic phases of ventricular contraction and relaxation: 
initial contraction, the contracted state, and relaxation. 

The Q 10 values for the rates of initial contraction ranged from 1.5 to 1.8, contrasted 
with 3.1 to 3.4 for the rates of relaxation. The activation energies for initial contraction 
ranged from 8—11,000 calories, contrasted with 22,000 calories for relaxation. 

Plots of the log of the duration of relaxation or the contracted state against the log of 
the minute oxygen consumption were linear, oxygen consumption falling as time of relaxa- 
tion or of the contracted state lengthened. 

These data are interpreted to mean (1) that relaxation is an active process requiring 
electron or chemical bond energy transfer, and (2) that initial contraction has the physical 
characteristics of an ionic interaction, and (3) that the contracted state does not require 
energy input. 


MALIGNANT HYPERTENSION 
Epmonp A. MurpHy 


A brief review of 197 cases of malignant hypertension studied at the Postgraduate Medi- 
cal School of London was presented. Malignant hypertension was defined as either that 
producing papilloedema (189 cases) or that associated with both cellular intimal hyperplasia 
of the interlobular arteries of the kidney and fibrinoid necrosis of the afferent arterioles. 
There was good, but not complete agreement between these criteria. Individual survival 
times have a log.-normal distribution with a geometric mean of 1.17 months. The “essen- 
tial” cases have the poorest, the renal cases a better and the miscellaneous cases the best 
prognosis. These differences within similarities suggest that malignant hypertension is a 
syndrome not a disease sui generis. Partial regressions obtained for survival against both 
age and blood urea provide corrections useful in comparing past untreated cases with present 
treated cases (which are being diagnosed earlier). Surgical treatment, possible in only a few 
cases in the past, produced slight improvement in prognosis. 

Evidence was presented that malignant hypertension occurred once for every 100 persons 
with a systolic blood pressure over 160 mm. Hg, though the peak for the malignant group 
occurs earlier in life than that for the benign. This dissociation between the peaks is more 
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marked in women. Carefully paired comparisons between patients with malignant hyper- 
tension and those with retinitis without papilloedema or histological evidence of malig- 
nancy shows that the former group has a slightly higher mean blood pressure, to a barely 
statistically significant degree for the diastolic pressure, not at all significant for the systolic. 
The variability of the blood pressure within the individual is much the same in both groups. 
Analysis of the underlying pathology was briefly presented. No case of primarily malig- 
nant essential hypertension was encountered. The incidence of hypertensive family history 
was the same in all groups in 105 patients in whom the diagnosis was confirmed by autopsy. 
Papilloedema alone, without retinitis was rare. Headache occurred in most cases and 
evidence was presented that this was usually organic. Its incidence and severity was greater 
in the younger patients. Weight loss, present in 75 per cent was often severe, even without 
uraemia or anorexia. Albuminuria, at least intermittent, is almost essential to the diagnosis 
of malignant hypertension. Dyspnoea was almost universal; angina rare. Only one patient 
had a terminal myocardial infarct, and only one untreated patient a dissecting aneurysm. 
The sedimentation rate (Westergren) in cases know not to have collagen vascular disease, 
is often high—over 100 mm. in the first hour in 3 out of 46 cases, even without anaemia and 
despite cardiac failure. It is of little prognostic value. 
Death is usually complex, and may be averted, and even quite severe uraemia abated 
by correcting heart failure or infection. In cases seen early enough it is possible to achieve 
a 50 per cent five year survival rate. 


LATE HEMODYNAMIC COMPLICATIONS OF ANASTOMOTIC PROCEDURES 
FOR CYANOTIC CONGENITAL HEART DISEASE 


RICHARD S. Ross, MEtvin H. EvANs AND HELEN B. Taussic 


Cardiac enlargement, congestive heart failure and aneurysmal dilatation of the pulmo- 
nary artery have occurred in patients from two to twelve years after anastomotic operations 
for the tetralogy of Fallot. Three representative patients are presented from a group of 
seventeen patients who have been studied. Massive dilatation of the pulmonary artery 
presumably secondary to pulmonary hypertension was seen in seven patients. In one pa- 
tient from this group with a Potts (aorta-pulmonary artery) anastomosis pulmonary hyper- 
tension reduced the volume of the shunt and caused a return of cyanosis. At autopsy the 
anastomosis was open but the small pulmonary vessels showed concentric narrowing, oc- 
clusion and recanalization. Another patient has shown dilatation of the pulmonary artery 
and a rise in hematocrit ten years after a subclavian-pulmonary anastomosis. Progressive 
increase in cardiac size over that recorded one year after operation has been seen in thirteen 
patients. Congestive failure characterized by venous hypertension, hepatomegaly and edema 
has been seen in two patients. 

It appears that these complications are more frequent in patients in whom the anasto- 
mosis was between the aorta and pulmonary artery or innominate and pulmonary artery 
than in those in whom a subclavian-pulmonary anastomosis was constructed. It seems 
clear that there are definite complications of a shunt which is too large. There is probably 
a relationship between the severity of the original malformation and the size of the shunt 
needed for correction. If the shunt is too small cyanosis persists, but if the shunt is too large 
the changes described are likely to develop. 
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BOOK REVIEWS 


Anesthesia and Otolaryngology. By DonaLp F. Proctor. 267 pp., $7.00. The Williams & 
Wilkins Co., Baltimore, Md. 

The author is a teacher of Otolaryngology and Physiology and has taught Anesthesiology 
in the past. He wrote this book to promote “a mutual appreciation of one another’s prob- 
lems”. In this respect this book is unequalled. It gives the reader understanding rather than 
data. The material is presented in 4 sections: (1) General considerations, including a chap- 
ter on medico-legal aspects. (2) Otolaryngological procedures under general anesthesia. (3) 
Otolaryngological procedures under local anesthesia. (4) Special problems, such as resusci- 
tation and pulmonary function tests. Section (3) is the highlight of the book, since the author 
is an artist with local anesthesia. The organization is not always quite clear (for instance, 
curare drugs and hypotensive drugs are discussed in the chapter on pre-anesthetic medica- 
tion). There are a few repetitions (sections 2 and 3). 

The author presented only those anesthetic and operative procedures which he found by 
personal experience to be safe and satisfactory, admitting that other techniques may per- 
form equally well. Certain dogmatic statements, therefore, appear justified. 

The clinical recommendations stress simplicity and reflect the author’s great clinical 
judgment. Every physician can find in this book many useful practical hints which are well 
illustrated by case reports. The greatest teaching value of this monograph is a profound 
respect for airway patency, pulmonary ventilation and for the dangers of the immediate 
post-operative period. The author’s indication for tracheotomy or endotracheal intubation 
is to do it whenever one is in doubt. There are excellent chapters on oro-tracheal intubation 
and extubation, while little is said about naso-tracheal intubation. The controversy on 
using an endotracheal tube to insure the safety of anesthesia for tonsil and adenoid surgery 
is discussed at length. More emphasis could have been placed on laryngeal stridor, which 
makes prolonged oral surgery without the tube unsafe. The author makes a plea for better 
teaching of resuscitation. The recommendations on emergency artificial respiration will 
have to be rewritten in the next edition, because of the recent discovery of the failure of 
the manual methods and the re-discovery of Expired Air Resuscitation. 

The print is excellent. The tables are clear. The drawings could be more diagrammatic. 
Each chapter has a very extensive bibliography, which covers many related fields and can 
be of great help to the academic anesthesiologist. 
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The surgeon is taught the problems of local and general anesthesia which he might not 
have been aware of and the anesthesiologist is taught what he should know about oto- 
laryngology. The medical student should not expect this to be a text-book of either spe- 
ciality, but rather a supplementary text, which will broaden his views. All in all this is a 
well written monograph of considerable teaching value. 


PETER SAFAR 


Clinical Gastroenterology. By Eppy D. PALMER. 630 pp., $18.50. Paul B. Hoeber, Inc. 
New York, N. Y. 

Clinical Gastroenterology presents in very readable form Dr. Eddy Palmer’s approach to 
alimentary tract disease. He states that his presentation is for the “bedside gastroenterolo- 
gist” and for that reason experimental gastroenterology is not discussed. On the other 
hand, the origin of the opinions expressed with supporting references would be helpful for 
the clinician who is interested in extending his understanding. The major deficiency of this 
book lies in that it is impossible to distinguish between “clinical mythology” and concepts 
based on careful clinical and physiological studies. 

Dr. Palmer defends his very frequent use of eponyms. He has at least fifty tests and 
signs listed by eponym. Some are in common use, on the other hand, it can serve no useful 
purpose to perpetuate “Goldstein’s hematemesis” as a name for hematemesis associated 
with hereditary hemorrhagic telangiectasia. 

The major contribution of this book is that it is a balanced survey of practical gastro- 
enterology by a single author. Dr. Palmer’s views of functional disorders of the colon and 
his vigorous approach to severe upper gastrointestinal hemorrhage are presented in clear 
and concise fashion. Although endoscopy has been one of the author’s primary interests, 
he does not give it undue consideration in this book. 

The reproductions of X-rays are excellent. 

This book is a ready source of concise discussions on the diagnosis and management of 
most diseases encountered in the practice of gastroenterology. It will not be very helpful 
as a reference book, because the bibliography is quite limited. 

Tuomas R. HENDRIX 


Biochemistry, 2nd edition. By ABRAHAM CANTAROW AND BERNARD SCHEPARTZ. 867 pp., 
$12.00. W. B. Saunders Co., Philadelphia, Pa. 

Before the last World War the field of biochemistry was covered by few text-books but 
since 1946 there has been a plethora of such books. This is one of these, now published in 
second edition to bring it up to date. In general this one is quite complete for a beginner’s 
text, readable, and chiefly designed for an elementary approach to the subject. 

There is no effort made to sift evidence, provide reference support for statements, or to 
indicate the degree of dependability of an apparent fact. For this reason the book is not 
particularly useful to the advanced student, although it is certainly a quick source of intro- 
ductory information. 

References indicate chiefly reviews or texts or symposia and a few are given at the end 
of each chapter. These should be quite useful to the student beginning biochemistry. 

The presentation of material is along standard lines. Little effort is made to present 
systems in terms of dynamic relationships or of basic biophysical concepts. An example of 
the approach is this statement; “The metabolic lability of the proteins in the various tis- 
sues can be investigated by noting the rapidity with which each tissue loses protein when 
the organism is depleted (i.e., on a protein-free diet) and regains protein on repletion.” 

A great deal of ground is covered in an already huge, rapidly growing field. The problem 
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of learning all this is very great. Little emphasis is made upon central or more important 
principles. In other words the book is a large compendium without particular orientation 
for the beginner or enough analysis for the more advanced student. This is said less in criti- 
cism than to point out difficulties faced by the authors. 

New information was brought to this edition on: adrenocortical, thyroid, and hypo- 
thalmic hormones; structures of insulin; vasopressin; oxytocin; trace elements; neuro. 
chemistry ; folic acid and vitamin B12; metabolism of nucleic acids, porphyrins, lipoproteins, 
and sterols. 

F. W. BARNES, JR. 


Chemical Anthropology. A New Approach to Growth in Children. By IcrE G. Macy anp 
Harriet J. Ketty. 149 pp., $3.75. The University of Chicago Press, Chicago, Ill. 

This monograph endeavors to summarize and interpret findings derived from the exten- 
sive metabolic studies conducted by Dr. Macy and her associates which deal with the 
physical and chemical growth of children. By use of the term chemical anthropology the 
authors mean to introduce the concept of chemical growth as an extension of physical 
anthropology, and their material has been examined within the framework of this general 
idea. 

Interpretations are based on metabolic-balance data obtained from the longitudinal 
examination of a small but representative group of children between the ages of 4 and 12 
years. While descriptions of changes and associations observed at different ages are often 
necessarily superficial, the text is readable and perhaps most valuable as an expression of 
the principles and purpose of interdisciplinary investigations of this nature and scope. 
However, as a reference the book falls short, and those interested in the physicochemical 
growth of children should be referred to the three parent volumes by Dr. Macy, Nutrition 
and Chemical Growth in Children, in which the material, methods, original data and statis- 
tical information are described in detail. 

ROBERT STEMPFEL, JR. 


Psychopathic Personalities. By HAROLD PALMER. 179 pp., $4.75. Philosophical Library, 
New York, N. Y. 

This collection of nine clinical essays covering most major psychiatric syndromes is 
addressed to non-psychiatrists. Written by a British psychiatrist, it is chiefly of interest 
because it makes so clear the difference between the dominant British and American ap- 
proaches to this field. The emphasis is on description, and the core of each essay is a color- 
ful and concise delineation of typical exemplars of the syndrome in question, not as indi- 
viduals but as types. These vignettes are in the best tradition of literary characterology. 
Though they make fascinating reading, they are apt to leave the lay reader with the im- 
pression that the types described represent real individuals. 

In addition to descriptions, each essay includes a consideration of etiological factors and 
therapeutic approaches. These indicate a wide acquaintance with the literature. In contrast 
to the descriptive sections, they are cautious and carefully qualified. Physiological and 
hereditary factors are emphasized to the almost complete exclusion of sociological and life- 
history influences. The sections on therapy stress pharmacological approaches such as 
coma, shock and prolonged sleep treatment. For most conditions, the type of psychotherapy 
recommended consists of reassurance, exhortation and environmental manipulation. Al- 
though the author pays tribute to psychoanalysis as having helped his own thinking, he 
views it with considerable reserve as an explanation of mental illness and, more particularly, 
as a therapy. 
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The longest chapter, on epilepsy, would strike most American psychiatrists as extra- 


” 


ordinarily harsh. The author believes firmly in the “epileptic personality” which includes 
“traits of perseveration, vanity and egocentricity, and the waywardness of a child.” (p. 105) 
He also believes that epileptics “tend to a general deterioration of mentality which is often 
progressive.” (p. 133) It is, therefore, scarcely surprising that he believes epileptics should 
avoid marriage—an opinion which he himself admits is “difficult to justify or defend.” 
(p. 132) The fact that countless epileptics lead healthy, productive lives, do not have epi- 
leptic personalities, and do not deteriorate seems to have influenced the author’s thinking 
on this subject very little. 

Although the author’s orientation differs considerably from the usual American one, his 
view of mental illness is broad and well balanced and includes a consideration of moral as 
well as strictly medical issues. It can be recommended to those who would like to gain a 
perspective on their own thinking by comparing it with that of a competent foreign col- 


league. 
JEROME D. FRANK 


Digestive System, Part III, Vol. III: Liver, Biliary Tract and Pancreas. Prepared by FRANK 
H. Netter. Edited by Ernst OPPENHEIMER. The Ciba Collection of Medical Illustra- 
tions. 165 pp., $10.50. Ciba Pharmaceutical Products, Inc., Summit, N. J. 

This new book is one of a series of volumes produced by the Ciba Corporation, to be sold 
at cost to the medical profession. Volume I on the nervous system and Volume II on the 
reproductive system have previously been well received and widely circulated. It is neither 
an atlas of anatomy nor a textbook of surgery or physiology but rather a combination of 
all three. Dr. Netter’s drawings are much more schematic and simplified than those found 
in most conventional atlases, but they are so arranged as to present concisely the salient 
features of normal and pathologic anatomy and physiology of these organs. Many diagrams 
and full figure drawings aid in this presentation. The section on “physiology and patho- 
physiology’’, collaborated on by Drs. Bodansky and Popper, is particularly graphic and 
should be extremely useful in teaching. 

The text which accompanies the drawings was collaborated in by Drs. Bodansky, Cliffton, 
Kozell, Popper and Sborov and is concise and pertinent. This reviewer would critize only 
the small crowded print and the paucity of paragraph headings and subheadings, which 
make the volume slow and tedious to read, particularly as a source of reference. These 
same drawbacks contribute to the book’s great advantage, namely its low cost, and are 
offset by an adequate index and bibliography. 

In summation, Dr. Netter and Ciba have collaborated to produce a useful and inex- 
pensive volume for medical students, house officers, and practicing physicians. It is neither 
intended nor suitable for reference material for an anatomist or physiologist. 

ALAN C. Woops, JR. 


The Principles and Art of Plastic Surgery, Vols. I and II. By Str HAROLD GILLIES AND 
D. RALPH MILLarD, JR. 652 pp., $35.00. Little, Brown & Co., Boston, Mass. 

This interesting work on plastic surgery represents a real departure from previous at- 
tempts to deal with this fascinating and constantly changing branch of medicine. As the 
title indicates, the authors deal largely with the artistic and engineering principles in plastic 
surgery. 

Sir Harold Gillies has been called “a dynamic if unorthodox teacher. He impresses by 
paradox, invective, cajolery and teasing raillery”. The fascinating case material in this 
book would certainly support that impression and indicate that the senior author is a man 
of vast experience and artistic, daring imagination. 
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This reviewer had heard that the style of this book was casual—even flippant and that 
the illustrations were captioned in almost a jesting fashion. However, the freshness ang 
vigor of the work give the style an appropriateness than makes for a pleasant change jn 
medical reading. 

These two beautifully illustrated volumes are not an organized attempt at a textbook jn 
plastic surgery. The material is presented in places with little or no detail and at other 
times, the methods clearly reflect the personal enthusiasms of the authors. The work does 
constitute, however, a graphic protrayal of the life activities of England’s “Number-one 
plastic surgeon’’. Any serious student of plastic surgery will find much to learn from the 
beautifully illustrated pages. 

Dr. Jerome Webster has written a thought-provoking foreword which gives some insight 
into the character of the authors. Volume I deals with general principles of the various types 
of skin grafts, followed by a section on the transfer of tissue by pedicles and entitled “Flap 
Happy”. The final section of Volume I deals with the treatment of a variety of congenital 
lesions in the human and a section on radiation burns and cancer. No effort is made to 
describe methods advocated by other surgeons. This is a book witha definite editorial policy. 

Volume II deals with cleft lip and palate, cosmetic surgery, maxillofacial trauma, recon- 
struction of the war injured and a brief section on “cross-grafting”, and its implications for 
the future of surgery. 

The authors have added a rather good index that adds much to the value of the book. 
This feature makes it possible for the plastic surgeon to compare his current problems with 
similar ones managed by this master surgeon. 

Perhaps one of the criticisms of the book would be its inadequate sections on hand sur- 
gery, the early treatment of burns, and on some of the basics of wound healing. Little and 
Brown should be commended on giving such beautiful reproductions of the excellent illus- 
trations. 

Mitton T. EDGERTON 


The Physiology of Nerve Cells. By JoHn C. Eccres. 270 pp., $5.75. The Johns Hopkins 
Press, Baltimore, Md. 

The Herter Lectures for 1955, given by the author at The John Hopkins University, 
have been considerably expanded here into an extensive account of the nature of synaptic 
transmission in the central nervous system, on the basis of an ionic hypothesis. This hy- 
pothesis, which has recently been so successful in the hands of Hodgkin, Huxley, Katz and 
Keynes in explaining the nature of nerve conduction, is based on the concept that the 
events of excitation consist of a sequence of changes in ionic permeability of the cell mem- 
brane. Eccles and his collaborators have applied the hypothesis with remarkable success to 
spinal motoneurons of the cat. Their thesis is this. The primary event at the synapse is 
the production of a transmitter substance which diffuses across the synaptic cleft to the 
subsynaptic membrane of the postsynaptic cell. The transmitter substance then causes 
changes in the ionic permeability of the subsynaptic membrane. At an excitatory synapse 
the membrane becomes highly permeable to all ions, leading to a depolarization of the soma. 
At an inhibitory synapse the membrane becomes highly permeable to potassium and chlo- 
ride, but not to ions as large as sodium, which tends to repolarize the soma if it has become 
depolarized as a result of activity at excitatory synapses. The degree of depolarization of 
the motoneuron thus depends upon the relative predominance of excitatory over inhibitory 
activity among the synapses impinging on the cell. If the depolarization reaches threshold 
level, the cell will discharge one or more impulses. In order to prove their thesis, Eccles and 
his collaborators have made elegant use of a double barrelled micropipette inserted into the 
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cell body. With it they were able to measure the absolute membrane potential through one 
barrel while using the other barrel either for passing polarizing currents, or for electro- 
phoretic injection of ions. They were thus able to produce a wide variety of effects, all of 
which they could fit into the framework of their hypothesis. Eccles devotes the major part 
of the book to these experiments, and is able to explain an impressive number of observa- 
tions on spinal cord excitation. The experimental demonstration that inhibitory synaptic 
action tends to restore the membrane potential of the motoneuron soma to a near resting 
level puts our knowledge of central synaptic action on a new plane. He also devotes con- 
siderable space to the work of other investigators who have found similar results on other 
preparations. Especially noteworthy is the work of Kuffler and Eyzaguirre on a crustacean 
stretch receptor cell. In the last two chapters certain relevant fields are reviewed, including 
a discussion of types of pathways in the central nervous system in relation to possible trans- 
mitter substances involved in the various inhibitory and excitatory actions, and a variety 
of special topics ranging from the possible sieve-like structure of the subsynaptic membrane 
to reactions of nerve cells that bear on the phenomenon of memory. The book is very con- 
densed, and requires considerable reference to the original papers for a thorough under- 
standing of its contents. The author has been most helpful in this regard by his extensive 
documentation throughout. 
Partie W. DAvIEs 


Pediatric Cardiology. By ALEXANDER S. Napas. 587 pp., $12.00. W. B. Saunders Co., 
Philadelphia, Pa. 

The author’s hope was reportedly to make this book a “‘do-it-yourself cardiology.” His 
background particularly fits him for this task, as after four years in general pediatric prac- 
tice he returned to work in the physiological laboratories and busy clinical service of the 
Cardiology Division of the Children’s Hospital. His training has given firsthand information 
on all aspects of pediatric cardiology and especially fits him to write a modern book on this 
expanding subject. After an adequate description of the tools of diagnosis, including cardiac 
catheterization, angiocardiography, electrocardiography, and radiography which have 
flowered since Gross and Blalock and Taussig opened the field of heart disease to surgery, 
he proceeds to describe his experience at the Children’s Medical Center over the past ten 
years. Under headings of Acquired Heart Disease and Congenital Heart Disease the various 
lesions are informedly described in regard to incidence, anatomy, physiology, clinical pic- 
ture, course and prognosis, differential diagnosis, and treatment. An additional section 
pertains to anesthesia for children with heart disease. 

The presentation is lucid, the coverage complete. The format is similar to that which has 
helped make other books from the Children’s Medical Center outstanding, notably Gross’ 
“Surgery of Infancy and Childhood.” While the present work is not similarly unique in its 
field it promises to be an outstanding contribution. The author intended the volume to be 
a handbook for the pediatrician, the general physician, and the medical student. It will 
also be helpful to cardiac surgeons. 

Henry T. BAHNSON 


Functions of Autonomic Transmitters. By J. HAROLD Burn. 228 pp. $5.00. The Williams 
and Wilkins Co., Baltimore, Md. 

This book is the record of the thirteenth in the series of biennial Abraham Flexner lec- 
tures, delivered at Vanderbilt University by Doctor Burn, professor of pharmacology at 
Oxford University. It is not designed to review all the functions of autonomic transmitters, 
but rather to consider the experimental bases for some that are not clearly understood. The 
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role of epinephrine and norepinephrine is briefly summarized, and the possible mechanisms 
by which denervated structures become more sensitive to these hormones is considered jp 
more detail. The well known role of acetylcholine in the function of smooth and skeletal 
muscle and secretory glands, and its place in ganglionic and central neural function, are 
only lightly touched upon, but the author takes up the challenging problem of the role of 
this ubiquitous compound in the rhythmic activity of cardiac muscle. Evidence is provided, 
mainly from the author’s experiments, that acetylcholine has not only an inhibitory action 
on the cardiac mechanism, exemplified by the effect of vagal stimulation, but also a stimu- 
lating action when its concentration is low. It is suggested, on the basis of limited data, 
that acetylcholine is liberated not only from vagal nerve fibers, but also from cardiac mus- 
cle, and is responsible for the rhythmic contractions of the heart. It is proposed that syn- 
thesis of acetylcholine in non-nervous tissue occurs also in ciliary mucous membrane, and 
that this compound acts as a local hormone in ciliary and cardiac tissue, as well as a neuro- 
humoral transmitter. Equally challenging, but even more tentative, is the suggestion that 
acetylcholine also controls the threshold of sensory nerve endings. 

The five chapters on autonomic transmitters are preceded by an interesting lecture on 
medical education and medical science, and followed by a closing address dealing with 
“our national drugs—alcohol and nicotine’’, as looked at by the citizen-pharmacologist. 

This series of lectures will be of interest to the pharmacologist, physiologist, and research 
physician. The emphasis on personal experience and interpretation makes it a stimulating 
presentation. 

Davip Gros 


Nerve Impulse. Transactions of the Fifth Conference. Edited by D. NACHMANSOHN AND 
H. H. Merritt. 256 pp., $4.50. The Josiah Macy, Jr. Foundation, New York, N. Y. 
This book contains the transactions of the final annual conference of a series of five, 
organized by the Josiah Macy, Jr. Foundation on the Nerve Impulse. As in the preceding 
volumes, the speaker’s presentations are frequently so interrupted by discussion, relevant 
and otherwise, that the book can not be recommended either as an introduction or as a 
reference source on the topics considered. The informed reader may however enjoy the 
frank and critical appraisal of the favorite ideas of some well-known neurophysiologists. 
There are 82 illustrations. Subjects presented at this meeting, and the principal discussions 
are as follows: Brain Stem and Higher Centers, Horace W. Magoun; The Corticospinal 
System, Carl Gustaf Bernhard; Properties of Nerve Impulses, Herbert H. Jasper; Mono- 
synaptic Reflex Behavior of Individual Spinal Motoneurons, David P. C. Lloyd; Some 
Properties of Excitable Tissue, Harry Grundfest. 
MartINn G. LARRABEE 


Rosenau’s Preventive Medicine and Public Health, 8th edition. By KENNETH F. MAxcy. 
1465 pp., $15.00. Appleton-Century-Crofts, New York, N. Y. 

This is the eighth edition of this unsurpassed text book on preventive medicine and public 
health. Dr. Maxcy has done a masterful job in the editing of this text for there are 26 con- 
tributors, yet the text reads as if written by one author. This makes for easy reading and 
understanding. Particularly timely are the new or completely re-written chapters on radia- 
tion, air pollution and governmental supported medical care programs. The text is well 
illustrated; the printing is excellent. This book is indeed praisev-orthy and is highly recom- 
mended to student and physician alike. 


Joun CoLiins HARVEY 
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Fifth Annual Report on Stress, 1955/56. Edited by Hans SELYE AND GUNNAR HEUSER. 
815 pp., $20.00. MD Publications, New York, N. Y. 

The aim of the editors of this series is to systematize the data pertinent to stress, which 
is published throughout the world in journals devoted to separate specialties of medicine. 
The present volume consists in Part I of summary discussions: i.e., ““The Stress concept 
in 1955” by H. Selye, 75 pages; and shorter articles as follows: “‘Primary aldosteronism”’, 
J. W. Conn and L. H. Lewis; “Hormonal influences on inflammation and detoxification’’, 
T. F. Dougherty and R. D. Higginbotham; “Stress and catechol hormones”, U. S. von 
Euler; “Adrenal influences upon the stomach and the gastric response to stress’’, S. J. Gray, 
C. G. Ramsey, R. Villarreal, and L. J. Krakauer; “The role of the adrenal cortex in the 
etiology of disease”, D. J. Ingle; “Adrenocortical secretion and factors influencing that 
secretion”, D. H. Nelson; ‘‘Neurosecretion’’, E. Scharrer; “Some observations on psychiatric 
stress in infancy”, R. A. Spitz; and “Cortisone in relation to lymphoid tissue and immunity”, 
H. C. Stoerk. 

Part II comprises three-quarters of the book, and is essentially an index. It contains 
highly condensed abstracts, arranged according to subject matter, and covering 337 pages. 
The abstracts are organized in such a way that their full use requires familiarity with a few 
special symbols, but the information presented should provide a very useful means of locat- 
ing literature in the fields covered. The bibliography proper, arranged alphabetically by 
authors, with titles, covers 5698 references, and there is a final cross reference index of 
subjects. All the papers listed were selected because they were considered relevant to the 
stress concept. Although Selye’s concepts of stress and stressor agents are extremely gen- 
eral, and often more provocative than specifically enlightening, his views are so broad that 
he indexes a considerable slice of current literature in medicine and physiology. Hence the 
usefulness of this volume as an index will probably not be limited to those who consider 
themselves engaged in stress research. In fact, examination of this series may cause some 
of us to be as surprised as was the man who learned that he had been talking prose all his 
life without knowing it. 

EVELYN HowarD 


BOOKS RECEIVED FOR REVIEW 


Autonomic Imbalance and the Hypothalamus. By Ernst GELLHORN. 300 pp., $8.50. Uni- 
versity of Minnesota Press, Minneapolis, Minn. 

Fieber Unspezifische Absehrvorgange Unspezifische Therapie. By FERDINAND Horr. 145 
pp., $3.55. Georg Thieme Verlag, Stuttgart, Germany. 
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W. B. Saunders Co., Philadelphia, Pa. 





168 BOOK REVIEWS 


Pathology, 3rd edition. By W. A. D. ANDERson. 1402 pp., $16.00. The C. V. Mosby Co, 
St. Louis, Mo 

Prevention of Chronic Illness. Chronic Illness in the United States, Vol. I. By Commission 
on Chronic Illness. 338 pp., $6.00. Published for The Commonwealth Fund by Harvard 
University Press, Cambridge, Mass. 

The Student-Physician. Introductory Studies in the Sociology of Medical Education, 
Edited by Ropert K. Merton, GEORGE READER AND PatriciA L. KENDALL. 360 
pp., $5.00. Harvard University Press, Cambridge, Mass. 

Symposium on Diseases and Surgery of the Lens. By GeorcE M. Hark. 260 pp., $10.50, 
The C. V. Mosby Co., St. Louis, Mo. 

Understanding Your Patient. Edited by SamuEeL LieBMAN. 170 pp., $5.00. J. B. Lippincott 
Co., Philadelphia, Pa. 
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{ DEFICIENCY OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE 
ACTIVITY IN ERYTHROCYTES FROM PATIENTS 
WITH FAVISM'? 


W. H. ZINKHAM;' R. E. LENHARD, Jr. ann B. CHILDS 
Department of Pediatrics, The Johns Hopkins University School of Medicine, and the Harriet Lane Home 
of The Johns Hopkins Hospital 
Received for publication December 3, 1957 


INTRODUCTION 


In recent years a number of investigators have indicated that compounds 
containing sulfhydryl groups may play a role in maintaining the integrity of 
the erythrocyte (1, 2, 3). Since reduced glutathione (GSH) comprises more 
than 95 per cent of the reduced non-protein sulfhydryl compounds in the 
red cell, it is the most comprehensively studied substance of this type. Beutler 
et al. were the first todemonstrate that GSH is diminished in erythrocytes from 
Negro patients with certain types of drug induced hemolytic anemias (4). 
Subsequently two other biochemical abnormalities of these red cells were 
describeel: one, a marked decrease in GSH when whole blood is incubated 
with acetylphenylhydrazine (APH), and the other, a deficiency of glucose-6- 
phosphate dehydrogenase activity (5, 6). More recently it has been shown 
that all three of these inter-related metabolic defects are genetically deter- 
mined, and are probably transmitted by a sex-linked gene of intermediate 
dominance (7). 

Hemolytic anemias have also been observed in humans following exposure 
to various plant substances. The first described member of this group of 
disorders is favism, an acute hemolytic anemia occurring ina small percentage 
of people who have inhaled pollen or ingested beans from the plant, Vicia 
Faba. This disease is seen most often in persons from the Mediterranean lit- 
toral, it has a familial tendency, and according to some reports more com- 
monly affects males (8, 9). Such a racial, familial, and sexual distribution 
suggested that red cells from these patients may have a defect similar to that 
observed in people with drug induced hemolytic anemias. Because of this 
similarity glutathione studies, as well as assays of glucose-6-phosphate de- 


‘Presented in part before the meeting of the American Society for Pharmacology and 
Experimental Therapeutics at Baltimore, Md., September 7, 1957. 

* This investigation was also supported by research grants from the Division of Re 
search Grants, Public Health Service. 

’ Public Health Service Research Fellow of the National Institute of Arthritis and Meta 
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hydrogenase activity, were done on red cells from two Greek patients hos- 
pitalized because of favism. 


METHODS 


These studies were carried out on two Greek male children who developed a severe 
hemolytic anemia following ingestion of fava beans. One of these patients, A. K., was the 
subject of a previous report by Josephs (10). 

The reduced glutathione (GSH) content of whole blood was measured by a modification 
of the method of Gruenert and Phillips (4). Whole blood GSH values of normal white adult 
males and females ranged between 53 and 84 mg. per 100 ml. of red cells. The stability of 
red cell GSH in the presence of APH (glutathione stability test) was determined by the 
method of Beutler (5). The post-incubation GSH content of normal red cells was always 
greater than 40 mg. per cent, whereas erythrocytes from patients with drug induced hemo- 
lytic anemias showed values less than 20 mg. per cent after incubation of whole blood with 
APH (7). Approximately 5 per cent of negro females and 2 per cent of negro males had 
glutathione values of 22-40 mg. per cent. These persons have been designated intermediates, 

To measure glucose-6-phosphate dehydrogenase activity of erythrocytes, 5 ml. of venous 
blood were added to 1.0 mg. of sodium heparin. The specimen was immediately centrifuged 
in the cold at 3000 r.p.m. for 10 minutes. The supernatant plasma, white cell layer, and a 
small portion of the red cells were aspirated, and the remaining red cells were washed three 
times in the cold with chilled 0.14 M sodium chloride. Most of the saline was removed after 
the last washing and 0.2 ml. of packed red cells was added to 3.8 ml. of distilled water. A 
hematocrit was done on the remainder of the red cell sediment. The red cell and water 
mixture was left standing at 26°C for 10 minutes, and the solution was vigorously shaken 
before and after the period of incubation. The resulting hemolysate was centrifuged in 
the cold at 3000 r.p.m. for 10 minutes, and the supernatant was withdrawn. 

Assay for glucose-6-phosphate dehydrogenase activity was done in the 1 cm. cell of the 
model DU Beckman Spectrophotometer at 340 my. The assay system consisted of 0.1 
ml. hemolysate, 0.1 ml. of 0.30 M MgCl. , pH 7.0, 1.0 ml. of 0.19 M tris (hydroxymethyl) 
aminomethane (Tris), pH 8.0, 0.1 ml. of 0.02 M dipotassium glucose-¢-phosphate (G-6-P), 
pH 7.0, 0.2 ml. of 0.002 M triphosphopyridine nucleotide (TPN), pH 6.8, and 1.5 ml. of 
water. The blank solution contained all of these reagents except TPN and G-6-P. The reac- 
tion was started by the addition of TPN and optical density readings were made at 1 minute 
intervals between 5 and 10 minutes. The increment in optical density with time was linear 
during the interval from 5 to 20 minutes after starting the reaction. By this method 1 unit 
of enzyme was defined as that amount in the assay system which produced an optical density 
change at 340 my of 2.07 units per minute per 3 ml. of reaction mixture at 26° C. Final 
values for G-6-P dehydrogenase activity were expressed as units of enzyme per 100 ml. of 
washed red blood cells. 


RESULTS 
A. Glutathione studies 


As shown in Table I the whole blood GSH levels in the two patients were 
slightly less than normal. After incubation of their whole blood with acetyl- 


phenylhydrazine (APH) there was a striking decrease in the concentration of 
GSH. This marked drop of GSH was unaffected by the addition of glucose 








Glula 


Fath 
6 

8 

10 
Mot! 
6 

8 

10 
Patic 
8 
Brot 
8 

10 


in j 
wit 
in 1 
val 
pat 


del 








hos- 


severe 
is the 


-ation 
adult 
ity of 
y the 
lways 
1emo- 
| with 
s had 
jiates, 
enous 
fuged 
and a 
three 
after 
er. A 
water 
1aken 
ad in 


f the 
f 0.1 
‘thyl) 
-P), 
nl. of 
reac- 
inute 
linear 
| unit 
nsity 
Final 
ni. of 


were 
etyl- 
mn of 


cose 








DEFICIENCY OF GLUCOSE-60-PHOSPHATE DEHYDROGENASE ACTIVITY 171 


TABLE I 


Glutathione Studies and Assays for Glucose-6-phosphate Dehydrogenase Activity on Red Cells from 
Two Patients with Favism and their Families 


— Reduced glutathione 
Family mg. per 100 ml. R.B.C.) Glucose-6-phosphate 
dehydrogenase activity} 
: . units of enzyme per 
at Whole Blood After 100 ml. R.B.C.) 
. . 
K Whole Blood Glutathione Stabilityt 


Father 

6/2/57 66 59 

8/4/57 76 62 

10/27/57 72 48 5.8 
Mother 

6/2/57 56 24 

8/4/57 61 28 

10/27/57 47 21 3.3 
Patient (A. K.) 

8/4/57 42 } 0.46 
Brother (P. K.) 

8/4/57 36 3 0.2 

10/27/57 33 5 0.0 

“ay 

Father 

2/26/57 43 2 

7/16/57 49 2 0.11 

11/8/57 47 2 0.36 
Mother 

2/26/57 60 24 

7/16/57 68 53 

11/8/57 72 46 4.7 
Patient (G. A.) 

7/16/57 43 1 0.09 
Sister 

7/16/57 59 38 


* Values for normal white adults: 53 to 84 mg. per 100 ml. of red blood cells. 
t Values for normal white adults: >40 mg. per 100 ml. of red blood cells. 
t Values for normal white adults: 4.5 to 6.5 units per 100 ml. red blood cells. 


in a final concentration of 180 mg. per cent prior to incubation of whole blood 
with APH. Similar abnormalities of glutathione metabolism were demonstrated 
in the red cells from the brother of A. K. and the father of G. A. Intermediate 
values for the glutathione stability test were observed in the mothers of these 
patients. 


B. Assays for Glucose-6-phosphate dehydrogenase activity 


Erythrocytes from 35 normal adult males and females were tested for G-6-P 
dehydrogenase activity. Values for the enzyme assay in this group ranged from 
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Fic. 1. Comparison of glucose-6-phosphate dehydrogenase activity in red cells from 
patients with favism, members of their families, and a group of white adult normals. 
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Fic. 2. Glucose-6-phosphate dehydrogenase activity in red cells from members of 
Family “K” as measured by change in optical density at 340 my in relation to time. 


4.5 to 6.5 units of G-6-P dehydrogenase per 100 ml. of washed red blood cells 
with a mean of 5.6 units (see Fig. 1). 


The G-6-P dehydrogenase activity in the erythrocytes of the patients 
and the immediate members of their families are listed in Table I. Activity 
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of G-6-P dehydrogenase was markedly decreased in the red cells of the pa- 
tients, as well as the brother of A. K. and the father of G. A. It is notable 
that these same people also had an abnormal glutathione stability test. An 
intermediate value for enzyme activity was observed in the mother of A. K. 
(Fig. 1 and Fig. 2). To determine if hemolysates of these patients contained 
inhibitors of G-6-P dehydrogenase, equal aliquots of hemolysates from a normal 
adult and patient A. K. were incubated together at 37° C for 30 minutes. No 
reduction of G-6-P dehydrogenase activity was observed in the normal hemo- 


lysate during or after the period of incubation. 


DISCUSSION 


These studies indicate that patients with favism have a metabolic lesion in 
their red cells similar to that observed in people with drug induced hemolytic 
anemias. The basic defect is a deficiency of G-6-P dehydrogenase activity, 
and in addition there is a marked drop in the concentration of GSH after 
incubation of whole blood with APH. As postulated by other workers these 
abnormalities are probably inter-related (6, 11). In normal red cells oxidized 
glutathione (GSSG) is rapidly reduced by glutathione reductase, a reduced 
triphosphopyridine nucleotide (TPNH) dependent enzyme. Since TPNH is 
generated primarily in the red cell from the oxidation of G-6-P and 6-phos- 
phogluconate, a deficiency of either substrate or of the enzymes responsible for 
these oxidative processes would result in an inadequate formation of TPNH. 
A deficiency of G-6-P dehydrogenase activity would produce such an effect, 
so that red cells with this defect are unable to maintain glutathione in a reduced 
state. Such a hypothesis is substantiated by the results of this study since 
there was a definite correlation between enzyme activity and the glutathione 
stability test. Erythrocytes with a marked deficiency of G-6-P dehydrogenase 
activity manifested a striking decrease in GSH after exposure to APH. A simi- 
lar correlation was observed in red cells from the mother of A. K. with inter- 
mediate values for enzyme activity and the glutathione stability test being 
obtained. On one occasion, however, the mother of G. A. had a slightly abnor- 
mal glutathione stability test in association with normal G-6-P dehydrogenase 
activity. 

The occurrence of a similar metabolic defect in red cells from family members 
of these patients indicates that this characteristic may be genetically deter- 
mined. On the basis of glutathione stability tests done on these two families, 
as well as fifteen negro families with a similar abnormality, Childs and co- 
workers postulated that the defect was transmitted by a sex-linked gene of 
intermediate dominance (7). Such a genetic concept is substantiated by enzyme 
studies in the family of A. K., but not in the family of G. A. Additional family 
surveys are now in progress to clarify this point. 


174 ZINKHAM, LENHARD, JR. AND CHILDS 


Whether or not this constitutional anomaly of the erythrocyte is the only 
factor necessary for the development of favism remains to be answered. A. K.’s 
brother, who has a marked deficiency of red cell G-6-P dehydrogenase activity, 
manifested recurrent episodes of icterus as a child. After careful questioning 
his father now believes that these episodes were related to the ingestion of fava 
beans. The father of G. A., on the other hand, has an equally pronounced 
deficiency of enzyme, believes he has eaten only cooked fava beans all his 
life, but at no time have symptoms of increased red cell destruction developed. 
It is of interest to note that bouts of hemolysis usually follow ingestion of the 
uncooked bean (8), and in our two patients a similar observation was made. 
This may be one reason for the absence of favism in the father of G. A. 

Other workers have recently reported a deficiency of whole blood GSH in 
Sephardic Jews and Italians with favism (12, 13). These findings, in conjunc- 
tion with our own, suggest that it is highly improbable for such a relationship 
to be coincidental, and that these metabolic abnormalities do play a role in the 
pathogenesis of favism. 


SUMMARY 


(1) A deficiency of glucose-6-phosphate dehydrogenase activity was demon- 
strated in the red cells from two patients with favism. 

(2) Both of these patients had lower than normal values for whole blood 
reduced glutathione and a marked decrease in reduced glutathione after incu- 
bation of whole blood with acetylphenylhydrazine. 

(3) Family studies indicate that this metabolic defect may be genetically 
determined. 
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THE CONTOUR OF THE RIGHT ATRIAL WAVE IN TWENTY-SEVEN 
CASES OF ATRIAL SEPTAL DEFECT AND IN OTHER 
CARDIAC CONDITIONS':? 
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In the latter part of the 19th century Mackenzie (1) wrote an extensive 
and profusely illustrated article on the interpretation of the jugular venous 
pulse recorded by a polygraph. He described four major waves; the a wave of 
atrial systole followed by the x descent, and 2 the ventricular wave followed by 
the y descent. With the help of simultaneous arterial tracings he elaborated on 
these waves and their time relationship to the opening and closure of the cardiac 
valves, and described variations in different types of heart disease. 

Carl Wiggers cannulated the jugular vein and the right atrium in experi- 
mental animals and compared the pressure tracings obtained. He made im- 
portant contributions to the study of pressure pulse contours (2). 

Cournand and his associates (3) first recorded the use of a ureteral catheter 
for clinical cardiac catheterization in 1941. They followed the pioneer experi- 
ment of Forssmann who performed cardiac catheterization on himself. In 
Cournand’s first article no pressure tracings were recorded. In later work (4, 6) 
his group describes the pressure tracings in various conditions using an intra- 
cardiac catheter and a Hamilton manometer. They state (4), “It is obvious that 
any numerical description can give only a partial concept of the tracings, and 
it is therefore essential to consider not only the amplitude of pressure curves, 


, 


but also their contours’’. (our italics). They compare right and left atrial pres- 
sure records, the left atrium having been entered through an atrial septal 


defect. 
THE COMPONENTS OF THE ATRIAL WAVE 


The nomenclature used by Mackenzie has been followed by most subsequent 
authors. Wiggers (2) analysed the curve in greater detail and this analysis was 


' The presence of a prominent V wave in the jugular phlebogram in atrial septal defect 
was described by the late Dr. John Reinhold in 1955. The data in this paper had already 
been collected. We should like to add our tribute to the many already paid to Dr. Reinhold 
as a young cardiologist held in high regard on both sides of the Atlantic, and one whose 
early death was a tragic loss. 

* Work supported by Contract AF 18 (600)-342 with the School of Aviation Medicine 
U.S.A.F., Randolph Field, Texas and by Grant H-226 from the National Heart Institute, 
Public Health Service. 


‘Now Professor of Physiology, University of Florida, Gainesville. 
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CONTOUR OF THE RIGHT ATRIAL WAVE 
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Fic. 1. The time relationships of the atrial wave (after Wiggers). I.C. isometric con- 
traction. M.E. maximum ejection. R.E. reduced ejection. P.D. protodiastole. 1.R. isometric 
relaxation. M.I. maximum ventricular inflow. 


used by Lagerléf and Werké (7) in their study of the atrial pressure tracing 
in heart disease. There is little disagreement on the physiological background 
of the atrial wave although numerous authors, including Hansen (8), Little 
(9), Sicot (10) and Calezel (11), have given different letters and numbers to the 
various components of the curve. The following description is based on the 
work and nomenclature of Cournand and his group. 

The a wave of atrial systole is the most prominent component of the curve 
in the normal subject. It usually reaches its highest point about 0.1 sec. after 
the peak of the P wave of the electrocardiogram (Fig. 1). The atrial sound 
occurs during the ascent of the a wave. 

The x descent follows the peak of the a wave. The closure of the AV valves 
and the beginning of the first heart sound mark the onset of the isometric 
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contraction phase of the ventricle. The x descent is interrupted by the c wave, 
due to bulging of the AV valves into the atrial cavity. In the jugular curve the 
¢ wave is accentuated by the simultaneous underlying carotid pulse which 
appears during ventricular ejection. The c wave in the atrial curve immedj 

follows the beginning of the first heart sound and the peak of R in ude 
trocardiogram; its summit coincides with the opening of the semilunar valves. 
The x descent then continues, due to an increase in negative intrathoracic 
pressure following ventricular ejection and the drawing down of the AV ring 
by ventricular shortening. The minimal atrial pressure is zero or below in 
normal subjects and occurs during the maximal ejection phase of the ventricle. 

The v wave of atrial filling begins during the T wave of the electrocardio- 
gram. The atrium is filling from the venae cavae while the AV valves remain 
closed. The closure of the semilunar valves causes the second heart sound and 
produces vibrations on the ascent of the v7 wave (2). These vibrations are 
described as the ‘‘v point” by Little (9). The peak of the v wave is reached 
about 0.09 sec. later as atrial filling continues and the AV ring rises. 

The y descent follows the opening of the AV valves which coincides with the 
end of the T wave of the electrocardiogram. The rapid ventricular filling during 
this phase, the maximal inflow phase, produces the third heart sound; the 
atrium and ventricle form temporarily a common chamber. 

The jugular curve or phlebogram is similar in contour to the atrial wave 
but is later in time, shows a more marked ¢ wave and is rather less liable to 
artefact. 


THE ATRIAL WAVE IN EXPERIMENTAL ATRIAL SEPTAL DEFECT 


In 1948 Martin (12) and Opdyke (13) studied left and right atrial pressure 
curves in dogs with experimentally produced atrial septal defects. The exist- 
ence of a pressure gradient from left to right was attributed to ‘‘a difference 
between the volume elasticity characteristics of the atria, the left atrio-venous 
system being less distensible that the right” (13). Little, Opdyke and Hawley 
(9) and later Brecher and Opdyke (14) stressed the importance of pressure 


“ee 


measurements at the “‘v point” coinciding with the second heart sound, because 
it is the only point on the atrial pressure tracing that occurs synchronously in 
the two atria, it is relatively free of impact artefacts and gives a true intra- 
atrial pressure without any ventricular component. 

We were led to a study of the v wave in patients with atrial septal defect 
because we had observed that the atrial pressure tracing seemed to be char- 
acteristically altered in this condition. We also wished to know if the experi- 
mental observations on the “‘v point” had any clinical significance. 


METHOD OF RECORDING RIGHT ATRIAL PRESSURE 


The patients were given morphine, scopolamine and pentobarbital one 
hour before cardiac catheterization and usually slept lightly in a basal state 
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TABLE I 
Atrial Septal Defect 
R. atrium R. ventricle MPA 


v > - u 
Name - V ratio Pressure ol t ri" Pressure Pressure 
; mm. Hg : ' mm. Hg mm. Hg 


PB 5 2 : 69/5 67 
40 
69 


107 


382 . 38 i 3 81 
266 
278 
318 


293 


303 
328 
240 
298 
301 
302 
342 
306 


NONmM hm Ww Ww Ww Ww 


NNN eS 


249 


Nm 


3/: 
0/7 
0/7 
0/4 
0 
0 
5 
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71/0/15 


491 

264 es \ ‘a 11 
119 rN. . . a 11 
233 rE ] : 5 
97 5 os ; 12 
372 4s 2 11 
250 . F . ‘ ; 15 
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Note: All peripheral arterial blood samples fully saturated by VanSlyke technique. 


* Operated patients 


throughout. In only a few apprehensive children was it necessary to give an 
additional intravenous dose of pentobarbital. 

The pressures were recorded by the Hathaway apparatus (PS 8A transducer, 
MBC-2 control units, and $14 A oscillograph). The transducer was clamped 
at a level above the table equal to two thirds the thickness of the patient’s 
chest. Calibration was recorded at the end of each section of tracing. The 
pressure recordings in Tables I and II are the systolic and diastolic pressures 
recorded after correction for calibration. 

A simultaneous electrocardiogram was recorded and the major positive 


curve immediately following the P wave was identified as the a wave. The c 
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TABLE II 
Ventricular Septal Defect 


r E P . ‘ 
A/V R. atrium | R. ventricle Step-up — 
Pressure Pressure VoL% O Pressure 


ooned mm. Hg mm. Hg 5 mm. Hg 


D. P. 
J.W. 

R. T. M 

W. M. M 

A.S F 

M. R.* M 

G. dS.* M 

B. K. F 

B. L. M 

F. P. M 

B. R. M 

I. €. M 

J. F. M 

85 .E. F 

349 D. G. F i 


0 81/-13/0 
62/-2/8 
128/-10/0 


w 


29 
12 
69 


~ 


wr nN Nw & WN — 


4/8 

13/0 
71/0/4 
71/0 
92/0/7 


oe Oe ee ee ee 


wn NN NH WS 


Note: All peripheral arterial blood samples fully saturated by VanSlyke technique. 
* Operated patients. 


wave was usually small and inconstant and was not used for analysis. The 
next major wave related to the QRS complex was the 7 wave. The a/7 ratio 
was calculated by measuring the a and v waves directly in millimeters from 
the lowest point on the curve. Calibration and the base-line were ignored when 
calculating the a/v ratio. No case was included in which tachycardia, excessive 
damping, arrhythmia or other factors obscured the configuration of the curve 
and made separate identification of the two waves difficult. 


RESULTS 


There were 27 cases of atrial septal defect with adequate records. Of these 
9 were later confirmed at operation, and in the others the clinical findings 
(physical examination, fluoroscopy, electrocardiogram and _ occasionally 
angiocardiography) agreed with the catheterization data and no doubt was felt 
as to the accuracy of the diagnosis. Cases with arterial unsaturation and with 
equivocal data suggesting the possibility of total anomalous pulmonary venous 
drainage, were excluded. The defects were all of the ostium secundum type. 
So far no satisfactory right atrial pressure tracing has been obtained in a con- 
firmed case of ostium primum. 

The characteristic right atrial pressure tracing in the patients with atrial 
septal defect was M shaped, the v wave being greater than the a wave in 
amplitude or equal to it (Figs. 2 and 3). The curve usually showed an a wave of 
approximately normal amplitude, a normal x descent, a large 7 wave equal to 
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Fic. 2. Right atrial pressure curve in two cases of atrial septal defect showing typical 
M-shaped curve produced by v and a waves of almost equal amplitude. In all tracings the 
broken vertical line indicates beginning of P wave, the black vertical line 10 mm. Hg, the 
broken horizontal line the base line, the black horizontal line 1 sec. In all legends the pres- 
sures are in mm. Hg. A. M. A. (F. 32 yrs.) RA pressure 13/5, a/v ratio 1.1. B. A. W. (F. 


ll yrs.) RA pressure 12/4, a/v ratio 1.1. 
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Fig. 3. Right and left atrial pressure curves in the same patient showing slightly higher 
left atrial pressure levels. M.S. (F. 34 yrs.) A. RA pressure 8/2, a/v ratio0.9. B. LA pressure 
14/3, a/v ratio 1.1. 
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or taller than the a wave followed by a somewhat slow y descent interrupted 
by the onset of the next a wave (Fig. 3). The lowest diastolic pressure recorded 
was usually at the end of the x descent and ranged from —2 to 7 mm. Hg, 
averaging 1.5. 


The a/v ratio ranged from 0.5 to 1.2 in 23 of the 27 cases (Table 1). Gross 


pulmonary hypertension (pulmonary artery systolic pressure over 80 mm. Hg) 
was present in two of the four patients with an a/? ratio of 1.4 or over, above 
the usual range for atrial septal defect; three of the four were 20 years of age 
or more. 


DISCUSSION 

The pattern described above, a tall » wave and an a/? ratio of 1.2 or less, 
appeared distinctive. After we had collected the data we found that Reinhold 
(15) had also observed an increased 2 wave in the jugular phlebogram in atrial 
septal defect. These problems remained: 

(1) How far did the pattern in atrial septal defect differ from the normal? 

(2) Could it be seen in other cardiac abnormalities? 

(3) What conditions might modify the pattern or make it disappear? 

(4) Did it differ from the pattern of tricuspid insufficiency and congestive 
cardiac failure? 


(5) What was the physiological significance of the pattern? 


VENTRICULAR SEPTAL DEFECT 











rt 
Fic. 4. In both patients, as in the normal, the a wave is the major component of the 


tracing. A. R. T. (M. 13 yrs.) RA pressure 6/-1, a/v ratio 1.4. B. W. M. (M. 25 yrs.) RA 
pressure 9/2, a/v ratio 3.3. 
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CONTOUR OF THE RIGHT ATRIAL WAVE 


NORMAL SUBJECTS AND CONTROLS 
Since normal patients rarely undergo cardiac catheterization, there was little 
available data. In a small series of normal patients the a wave was uniformly 
greater than the v wave and the a/? ratio 1.5 to 1.8. In the literature the v 


wave is usually described as being normally about half the a wave in height. 
In Hansen’s (8) and Wiggers’ (2) illustrations the a/v ratio is 1.8 and 3.0. 
Reinhold, (15) using a different method of measurement and the jugular 
phlebogram rather than the atrial tracing, found the a/v ratio to be 1.0 or 


greater in 13 of the 16 normals, but 0.66 or less in all of 20 cases of uncompli- 
cated atrial septal defect. A v wave of greater amplitude than a thus seems not 
to be found in normal persons. 

Since there were so few normal subjects available for analysis, the records 
of 15 cases of ventricular septal defect were analyzed for comparison. All had 
typical findings—clinical, electrocardiographic and catheterization—and no 
right to left shunt was present. In all, the atrial curve was normal in contour 
and the a wave was greater than the v. The a/v ratio was over 1.4 in 14 of the 
15 cases (Fig. 4, Table 11). The difference in a/v ratio between the patients 
with atrial septal defect and those with ventricular septal defect, when analysed 
statistically using Fisher’s T test was highly significant (p < 0.001). 


THE ? WAVE AND @/? RATIO IN OTHER CARDIAC CONDITIONS 


Anomalous pulmonary venous drainage. In two adults with total anomalous 
pulmonary venous drainage into the right atrium, proven at autopsy, the 


ANOMALOUS VENOUS RETURN 





Fic. 5. In both patients the a/v ratio is over 1.5. A. E. B. (F. 43 yrs.) RA pressure 13/3 
a/v ratio 2.4, RV 80/4. B. B. B. (F. 28 yrs.) RA pressure 8/0, a/v ratio 1.6, RV 38/-3/7. 
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ANOMALOUS VENOUS RETURN 


un 


Fic. 6. Marked respiratory variation in an infant with total anomaly of the pulmonary 
venous return. Calculation of a/v ratio impossible. R. B. (M. 6 mos.) 
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Fic. 7. Giant a waves. A. Primary pulmonary hypertension. A. N. (F. 6 yrs.) RA pres- 
sure 16/4, a/v ratio 2.2. B. Pulmonary valvular stenosis. L.N. (M. 31 yrs.) RA pressure 10/( 
a/v ratio 2.3. 
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CONSTRICTIVE PERICARDITIS 
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Fic. 8. The systolic plateau and diastolic dip of constrictive pericarditis. a/v ratio 
cannot be calculated. A. S. J. (M. 36 yrs.) Fibrillating. RA pressure 21/15 B. H.C. (M. 19 
yrs.) RA pressure 16/12. 





right atrial pressure tracing was unlike that seen in uncomplicated atrial 
septal defect (Fig. 5 A and B). The a wave was the major component of the 
tracing in both and the a/v ratio was over 1.5. In four young children under 
five years with drainage of all pulmonary veins into the right heart there was 
an unusual degree of respiratory variation, and this combined with tachycardia 
made identification of different wave components impossible (Fig. 6). As yet 
we have insufficient cases to decide if there is a consistent difference in the 
right atrial pressure tracing in atrial septal defect and anomalous venous re- 
turn, but so far the patients with anomalous venous return show more respira- 
tory variation and a higher a@/z ratio. 

Giant a waves (Fig. 7) are well known to occur in right ventricular hyper- 
tension, whether due to pulmonary valvular stenosis or to pulmonary hyper- 
tension (16, 17). They may also be seen in obstruction to right atrial systole 
from tricuspid atresia or stenosis. An a/v ratio as great as 5.3 has been ob- 
served by us in tricuspid atresia. 

Chronic constrictive pericarditis (Fig. 8) is characterized by a systolic plateau 
nd a steep vy descent (4, 18). The a and v waves are fused in the systolic pla- 
‘eau and no a/v ratio can be calculated. The diastolic collapse is also present 
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Fic. 9. A. Right atrial curve from patient with myxoma of right atrium showing tall a 
wave, elevated atrial diastolic pressure preceding a wave. B. J. (F. 55 yrs.) RA pressure 
18/3/9, RV 18/0/4, a/v ratio 1.3. B. Right atrial curve from patient with myxoma of left 
atrium and cardiac failure, showing tall a wave, systolic plateau (S) of congestive failure. 
E. R. (F. 43 vrs.) RA pressure 18/10, RV 97/13/23. 


in the right ventricular pressure tracing and is ascribed by Owen and Wood 
(19) to a “high right atrioventricular pressure gradient at the end of isometric 
relaxation phase’’. 

Atrial myxomas. In one case of myxoma of the right atrium the right atrial 
pressure was 18/3/9, the right ventricular pressure 18/0/4 and the a/v ratio 
was 1.3 (Fig. 9 A). The equal systolic pressure in the right atrium and ventricle 
suggested obstruction to right atrial outflow, and there was slowing of the y 
descent similar to that described by Owen and Wood (19) in indirect left 
atrial pressure tracings in mitral stenosis. The right atrial pressure curve was 
thus useful in making a diagnosis which was confirmed at operation and sub- 
sequently autopsy (20). 

In a case of myxoma of the left atrium, the right atrial pressure tracing 
showed a pressure of 18/10 and the systolic plateau of congestive failure (Fig. 
9 B). As might be expected, the curve showed no specific changes apart from 
those due to right sided heart failure and did not assist in the differential diag- 
nosis from severe mitral stenosis. 

THE ¥ WAVE AND 4@/? RATIO: EFFECT OF TACHYCARDIA, ARRHYTHMIA, 
RESPIRATORY VARIATIONS 


In the presence of marked respiratory variation or oscillatory artefacts, 


no analysis of the components of the atrial pressure curve is possible (Fig. 10 
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Fic. 10. Oscillatory artefacts. No estimate of right atrial pressure can be made, and 





1and v waves are unidentifiable. 
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Fic. 11. A. Marked respiratory variation in an infant with a persistent ostium primum. 
N.M. (M. 6 mos.). B. Moderate respiratory variation (x) in an infant with anomalous venous 
return. Record also shows artefacts and a nodal rhythm with retrograde P wave. H. Z. (M. 
l yr.). 
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and 11). This statement may seem redundant but we have encountered similar 
curves being ‘‘analysed”’ in the literature and in laboratories visited. 

Sinus tachycardia alters the right atrial pattern due to super-imposition of 
one wave upon the other. At heart rates above 150 it is difficult if not im- 
possible to analyse the curve into component parts. 

If nodal rhythm develops the v wave increases in amplitude and an erroneous 
impression of right atrial hypertension may be given. In Figure 12 comparison 
of the wave pattern before, during and after the appearance of transient nodal 
rhythm shows the fusion of c and v waves to form a single high amplitude 
wave. The right atrial pressures are only slightly elevated (5/0 and 7/1 mm, 
Hg), but if measured during nodal rhythm appear strikingly increased (18/0 
and 16/3 respectively). The wave formed during nodal rhythm is less broad 
than the systolic plateau in tricuspid insufficiency, but without a simultaneous 
electrocardiogram confusion would be possible. 

In supraventricular tachycardia, a monophasic large amplitude wave replaces 
the normal atrial pattern (Fig. 13 A). 

Atrioventricular dissociation gives a characteristically variable venous pres- 
sure tracing (Fig. 13 B). Cournand (6) describes the a waves in this arrhythmia 


NODAL RHYTHM 





Fic. 12. Showing giant ‘fusion’ waves with onset nodal rhythm. A. J. S. (F. 25 yrs.). 


B. F. M. (M. 11 yrs.). 
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SUPRAVENTRICULAR A-V DISSOCIATION 
TACHYCARDIA \| 





Fic. 13. A. Single large amplitude atrial wave in supraventricular tachycardia. H. L. 
(F.9 yrs.) B. Showing a and v + a waves in A-V dissociation. J. F. (F. 7 yrs.) 


as “pure” atrial waves since descent of the base of the heart does not im- 
mediately follow atrial contraction. It is usually impossible to calculate an 
a/v ratio since the v wave is rarely seen without a superimposed a wave. 

Arrhythmias, considerable tachycardia, snoring or other great respiratory 
variation and poor technical recording may all have a great effect on the atrial 
wave and can render any of the typical patterns, including that of atrial 
septal defect, unrecognizable. 


THE VY WAVE AND @/7 RATIO IN TRICUSPID INCOMPETENCE AND 
CARDIAC FAILURE 


Miiller and Shillingford (21) have discussed the right atrial pressure curve 
in cardiac failure. They found that “on the evidence of clinical findings and 
the phlebographic and right atrial pressure curves, some degree of tricuspid 
regurgitation is extremely common in all forms of cardiac failure”. In mild 
cases of tricuspid incompetence they found an impairment of the normal x 
descent, and ‘‘on the stroke of the wave following the x descent a small dis- 
crete wave was often seen to rise to the level of or higher than the normal 


? wave’’. In severe cases the normal systolic dip is obliterated or reversed by a 
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Fic. 14. A. The “double wave” of right ventricular failure. M. B. (M. 19 yrs.). Severe 
mitral stenosis. RA pressure 24/11, PA pressure 150/75. B. The “S plateau”’ of tricuspid 
incompetence and right ventricular failure. M. B. (F. 24 yrs.). Pulmonary hypertension 
from multiple thrombi (autopsied). RA pressure 24/12, PA 91/50. C. The tall v wave of 
uncomplicated atrial septal defect. W. V. (M. 10 yrs.). RA pressure 13/5, a/v ratio 0.58. 


positive wave, the S wave or systolic plateau originally described by Bloom- 
field (4). The timing of the systolic plateau is variable. Usually it coincides with 
the R wave of the electrocardiogram, but may follow it. A study of Figure 14 
B and C will show how the M shaped curve of atrial septal defect differs from 
that of tricuspid incompetence associated with cardiac failure. 

(1) The x descent is normal or even unusually steep in atrial septal defect, 
but is impaired in tricuspid incompetence. 

(2) The systolic plateau of tricuspid incompetence starts earlier in relation 
to the R wave and is broader than the v wave. 

(3) The S wave is more affected by respiration than the v wave. 

(4) The end diastolic pressure is normal or only slightly elevated in atrial 
septal defect, but is greatly increased in cardiac failure. 


In some cases of cardiac failure a “double curve”’ is seen without a definite 
systolic plateau (17). In the case illustrated here (Fig. 14 A) right ventricular 
failure was due to pulmonary hypertension and severe mitral stenosis. Timing 
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of the wave components is difficult, but the abnormal contour is probably 
due to a giant a wave followed by the wave of tricuspid incompetence. The 
curve differs from that of atrial septal defect (Fig. 14 C) in having an elevated 
end diastolic pressure and an impaired x descent. 

The large v wave characteristic of uncomplicated atrial septal defect thus 
differs from the S wave of tricuspid incompetence and cardiac failure in timing 
and contour. 


PHYSIOLOGICAL SIGNIFICANCE OF THE ALTERATION OF THE 0% WAVE AND 4/2 
RATIO IN ATRIAL SEPTAL DEFECT 

The presence of a constant abnormality of the right atrial tracing in atrial 

septal defect could theoretically be due either to some abnormal response 

of the tricuspid valve and right ventricle to increased flow, or to the flow of 

blood through the atrial defect itself. The curve described is not that of tri 

cuspid insufficiency or stenosis, nor yet similar to the curve seen in Ebstein’s 
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Fic. 15. A. Typical wave in atrial septal defect in sinus rhythm. J. R. (F. 23 yrs.). RA 
pressure 10/6, a/v ratio 1.0, PA 26/4. B. Same patient after onset of fibrillation, pulmonary 
hypertension, and failure: Showing systolic plateau (S) and diastolic collapse (y). RA pres 
sure 37/26, PA 73/38. C. Atrial septal defect with fibrillation: Absent a waves, large S 
waves, O. C. (F. 42 yrs.). RA pressure 16/6, PA 40/9. 
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disease (22). We attribute the prominent v wave to presence of the atrial defect 
and suggest that the major flow of blood through the defect occurs during atrial 
filling, at the time of the v wave, rather than during atrial systole. We have 
not yet enough cases of total anomalous pulmonary venous drainage to know if 
the major flow in this condition is at a different time in the cardiac cycle. If 
so, the shape of the right atrial curve may prove to be a useful differentiating 
point. 

The characteristic large » wave and decreased a/v ratio disappears with 
severe pulmonary hypertension, especially if associated with permanent reversal 
of the shunt. In one patient with pulmonary hypertension and cyanosis, cathe- 
terization showed a small left to right shunt at the atrial level, a right ven- 
tricular pressure of 1290/3 and giant a@ waves. This confirmed the clinical 
impression that pulmonary vascular disease was more significant than the 
atrial defect. At autopsy the lungs showed severe vascular changes and striking 
pulmonary atheroma with an atrial defect of moderate size. Dexter (23) has 
recently made a beautiful analysis of the onset and significance of raised 
pulmonary resistance in atrial septal defect. A decreased a/v ratio with an a 
and v wave of equal amplitude in the jugular pulse or right atrium may be an 
ancillary clinical sign that the pulmonary resistance is not yet at dangerous 
levels. 

Cardiac failure and atrial fibrillation modify the right atrial wave. Figure 
15 (A and B) illustrates the right atrial pressure tracing in a patient with atrial 
septal defect before and after the onset of congestive failure and fibrillation. 
The early record (A) shows a typical M shaped curve with an a/? ratio of 1.0. 
In the later record (B) the a wave has disappeared with the onset of fibrillation 
and a large S wave and elevated end diastolic pressure have appeared with the 
onset of congestive failure. Figure 15 (C) is from a 42 year old patient with 
atrial septal defect and atrial fibrillation but without other signs of cardiac 
failure; a waves are absent and there is a systolic plateau varying with respira- 
tion. 

Postoperative atrial pressure tracings followed successful closure of the atrial 
septal defect have so far shown a return of the a/v ratio towards normal and a 
decrease in the size of the 7 waves. We hope to make a subsequent report on a 
series of such cases. 


SUMMARY AND CONCLUSIONS 
In a series of 27 cases of atrial septal defect the right atrial pressure curve 
was of characteristic shape. The v wave and the a@ wave were approximately 
equal in amplitude giving an M shaped curve. The a/v ratio was lower in this 
condition than in normal subjects or in 15 patients with ventricular septal 
defect. The difference in a/7 ratio is statistically significant. 


The pattern seen in atrial septal defect was not observed in other patients 
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defect with a wide variety of cardiac conditions. It differed from the pattern in 
atrial tricuspid incompetence and congestive cardiac failure both in timing and in 
» have contour. 
now if Severe pulmonary hypertension in atrial septal defect, especially with shunt 
cle. If reversal, may cause disappearance of the characteristic right atrial pressure 
lating curve. It is also not recognizable in the presence of severe tachycardia, arrhyth- 
mia, or in certain other conditions where analysis of the right atrial curve into 
with its a and v components is impossible. Under satisfactory recording conditions 
versal and in the absence of severe pulmonary hypertension, arrhythmia or cardiac 
‘athe- failure, patients with atrial septal defect consistently showed an M shaped 
ven- curve and a decreased a/? ratio. 
nical The alteration in the atrial pressure tracing in atrial septal defect may 
1 the be of physiological significance, indicating that the major flow between the 
iking atria occurs during atrial filling, or at the time of the v wave and not during 
) has atrial systole. 
aised 
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INTERCELLULAR BRIDGES IN URETERAL SMOOTH MUSCLE 


RONALD A. BERGMAN 


Department of Anatomy, The Johns Hopkins University School of Medicine 
Received for publication December 13, 1957 


A study of the ultrastructure of ureteral smooth muscle has been undertaken 
because of the lack of detailed information concerning intercellular structural 
and functional relationships in visceral smooth muscle cells. One of the most 
active controversies in the literature on the structure of smooth muscle con- 
cerns the problem of the existence of intercellular protoplasmic bridges which 
link muscle cell to muscle cell (9, 14). From a functional point of view the con- 
duction of action currents from cell to cell in visceral smooth muscle has been 
attributed to a syncytial relationship between muscle cells by Bozler (2, 3, 4), 
while it has been considered ephaptic' (i.e., by the electronic spread of action 
currents across the intercellular space in overlapping muscle cells) in character 
by Prosser (10) and Prosser, Smith, and Melton (11). These two hypotheses 
have been derived primarily from electrophysiological and pharmacological 
data. There is no convincing evidence to support the hypothesis that the con- 
duction of action currents which triggers the contractile apparatus in visceral 
smooth muscle arises as a result of direct innervation (2, 4, 6, 7, 8, 10, 11). 
Thus, the proposed mechanisms for the observed propagation of action currents 
from muscle cell to muscle cell lack sound histological interpretations which 
would be made possible only by an electron microscopic study. 

The musculature of the ureter has been selected for this investigation because 
this tissue has been studied previously by morphological, electrophysiological, 
and pharmacological methods. 


METHOD 


The ureters of anesthetized mature white rats were removed in a cold room at 0°C. and 
immersed in isotonic, buffered (pH 7.2 to 7.4) osmium tetroxide for 4 hours. After washing 
in Tyrode’s solution and dehydration in graded alcohols, the tissue was embedded in a 
mixture of methyl and butyl methacrylate (10:90). Polymerization, aided by the catalyst 
benzoyl peroxide was carried out at 40°C. Ultrathin sections were cut with a Sjéstrand 
microtome, mounted on formvar-coated grids, and studied in an R.C.A. EMU 2c. electron 


micré scope. 


'The term ephapse was proposed by Arvanitaki (1) to designate the locus of contact or 
close vicinity of two active functional surfaces, whether this contact be experimental or 
naturally occurring. Although the term was first used to designate axon to axon transmission, 
Prosser (10, 11) has recently applied it to smooth muscle conduction. 
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RESULTS 
The ureteral smooth muscle cell of the rat is approximately 500 uw in length 
and 7 yu at its greatest width. The cell is bounded by a double membrane ap- 
proximately 250 A thick. The myofilaments are about 75 to 100 A in diameter. 
The nuclei are usually very long and are bounded by a double membrane 250 
to 300 A thick. Occasionally, interruptions or pores in the nuclear membrane 
are encountered which are about 200 A wide. Around the ends of the nucleus 


od 
es, 


& 





Fic. 1. A low magnification micrograph of portions of four ureteral smooth muscle cells. 
An intercellular bridge linking two cells in indicated by two arrows (note the intrabridge 
membranes). The single arrow at the bottom of the micri graph indicates a probable bridge 
not completely in the section. C, collagenous connective tissue; G, granular perinuclear 
sarcoplasm; and N, nuclei. X 18,240. 
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INTERCELLULAR BRIDGES IN SMOOTH MUSCLE 


Fic. 2. The same intercellular bridge shown in Fig. 1. Arrows indicate the intrabridge 
membranes forming the cell boundaries. Although not clearly shown in the micrograph, 
vesicular and granular structures are located in the area beneath the white arrow. X 66,880. 


a granular, nonfibrillar sarcoplasm is found which forms a central core in the 
cell and appears, in some sections, to extend almost the entire length of the 
cell. This sarcoplasm contains granular and vesicular structures 50 to 1000 A 
in diameter, a poorly developed endoplasmic reticulum, and numerous mito- 
chondria. Relatively few mitochondria are located among the myofilaments. 
See Figures 1 and 3. 


Intercellular bridges have been seen in serial sections of ureteral muscle 


cells. In one instance, two bridges linking three cells were observed. The ap- 


proximate dimensions of these intercellular structures are 2 to 3 w in length and 
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0.3 to 0.5 uw in diameter. There is no evidence of protoplasmic or myofibrillar 
continuity due to the existence of intrabridge membranes which form the 
cell boundaries (Fig. 1, 2, 4). The intrabridge boundary of the two cells is 
composed of three elements and is similar to cell and nuclear membranes. 
Two heavily staining membranes (about 50 A thick) are separated by a poorly 
staining, homogenous material about 200 A wide. On one side of the intra- 
bridge membranes, near the cell-bridge junction, vesicular and granular com- 


ponents seem segregated (Fig. 3, 4). The granules and vesicles appear to be 
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Fic. 3. An intercellular bridge linking two muscle cells. The arrow indicates the unilateral 
vesicular and granular material associated with the bridge. Note the extensive granular 
perinuclear sarcoplasm (G) in the upper cell. C, collagenous connective tissue and N, nuclei. 
* 18,750. 
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Fic. 4. The same intercellular bridge as Fig. 3. The black arrow indicates the granular 
and vesicular components associated with the bridge. The white arrow indicates the intra- 
bridge membranes forming the cell boundaries. M, mitochondria and N, nucleus. 46,875. 


bounded by a heavily staining membrane (approximately 50 A thick) and vary 
in size from 200 to 1500 A. 

The intercellular spaces are filled with dense bundles of collagenous connec 
tive tissue and an extensive capillary network. Although nonmyelinated nerve 
fibers are occasionally encountered, no neuromuscular terminations have been 
found. 


DISCUSSION 
An electron microscope study of ureteral smooth muscle has revealed highly 
organized intercellular bridges in serial sections. The exact number of bridges 


associated with each cell can not be easily determined. With the limitations of 
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the techniques presently employed in electron microscopy and the cellular 
relationships under consideration, any statistical evaluation is clearly not 
feasible. The probability of finding any two smooth muscle cells connected by 
one intercellular bridge is extremely remote (viz., less than 1 in 100,000 sections 
for electron microscopy). As a total of six bridges have been clearly identified 
in approximately 100,000 sections it appears likely that each muscle cell has 
several intercellular bridges, thereby joining it with adjacent muscle cells. 

Numerous pharmacological! and electrophysiological investigations concerned 
with the mechanical and electrical activity of visceral smooth muscle tend to 
exclude the possibility that conduction takes place via nervous pathways 
(2, 3, 4, 7, 8, 10, 11, 13). Recently, however, Caesar, Edwards, and Ruska (5) 
have presented morphological evidence of neuromuscular synapses in smooth 
muscle which they suggest may be directly involved in smooth muscle conduc- 
tion. It has been shown by Prosser, ef a/., (11) that nervous potentials recorded 
from ureteral smooth muscle are conducted approximately 10 times faster 
than the muscle potentials and are not associated with the activation of the 
muscle. Bozler (4) also finds no evidence to support a hypothesis of nervous 
conduction but suggests that some neuromuscular relationship must exist for 
the physiological regulation of muscle activity. The results of Caesar, et al., 
(5) appear applicable to the problem of nervous regulation of complex peristal- 
tic activity rather than conduction. The assertion by these same investigators 
that smooth muscle cells are distinctly and completely separated from each 
other by a cytolemma comparable to the sarcolemma of striated muscle is not 
supported by the present study. In this regard, ureteral smooth muscle cells 
appear to be joined to each other in a manner similar to cardiac muscle cells 
which form a functional (but not a protoplasmic) syncytium. 

The evidence supporting conduction by muscular elements is summarized 
by Bozler (4) and by Prosser, et a/., (11). 

The results of this investigation indicate that the syncytial hypothesis and 
ephatic conduction hypothesis (i.e., conduction by electrotonic spread of action 
currents across the intercellular space in overlapping muscle cells) should be 
modified in view of the structural relationships observed. The junctional relation- 
ships observed in these bridges appear related to the intercalated disc in cardiac 
muscle, which serves as a boundary between two cells (12). 

The features of these specialized structures are more consistent with the 
reported uniform conduction velocities and highly organized rhythmic con- 
tractions than can be explained by an ephaptic relationship. As the muscle 
cells are contractile (and thus variable in shape) and not rigidly bound together, 
the uniform spread of action currents across an intercellular space of inconsist- 
ent dimension and without specialized structures intervening appears to be 


improbable. Although intercellular bridges probably have a relatively high 
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electrical resistance they would be low compared with that of the intercellular 
space containing connective tissue. In view of the size, shape, and structure of 
these intercellular bridges, the rate of conduction would be slow due, perhaps, 
to a delay at each bridge. This delay probably accounts for the slow rate of 
conduction (3.4 cm./second) reported in ureteral smooth muscle (11). In 
addition, the absence of protoplasmic continuity would probably also con- 
tribute to the retardation of conduction. 

The unilateral distribution of granular and vesicular material associated with 
the bridge may in some way account for the unidirectional peristalsis normally 
encountered in the living animal. Work is in progress to determine more clearly 
the role of these structures in conduction. 

The structural relationships observed suggest that the conduction of action 
currents from muscle cell to muscle cell is due neither to a protoplasmic syn- 
cytium nor to the overlapping of adjacent muscle cells (ephapse), but via highly 
organized intercellular bridges (i.e., a functional syncytium). The structural 
pathway described for conduction from muscle cell to muscle cell is consistent 
with reported electrophysiological and pharmocological data. 

It is important that additional electrophysiological, pharmacological, and 
morphological studies be carried out to define clearly the function of the 
intercellular bridges with their morphological polarity and their role in the 
myogenic conduction of action currents from muscle cell to muscle cell. 


SUMMARY 


1. Intercellular bridges, linking one cell with another, have been seen in 
serial sections of ureteral smooth muscle cells. 

2. The bridges are approximately 2 to 3 uw in length and 0.3 to 0.5 uw in di- 
ameter. 

3. There is no evidence of protoplasmic or myofibrillar continuity due to 
the existence of intrabridge membranes which form the cell boundaries. 

4. A unilateral distribution of granular and vesicular structures is usually 
seen on one side of the bridge near the cell-bridge junction. 

5. The existence of a structural pathway for the conduction of action currents 
from muscle cell to muscle cell is consistent with the previously reported electro- 
physiological and pharmocological data. 
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Formerly, atropine sulfate was considered to be the single most effective 
drug for counteracting the toxicity of organic phosphorus cholinesterase in- 
hibitors such as diisopropy] fluorophosphate (DFP), tetraethyl pyrophosphate 
(TEPP), paraoxon, sarin and tabun. Certain of these cholinergic-like sub- 
stances have been used in the treatment of myasthenia gravis and as insecti- 
cides. Some of them are classed as nerve gases (1). A number of instances of 
accidental poisonings with these potent toxins have been observed. Recently, 
it has been demonstrated that a variety of oxime and hydroxamic acid com- 
pounds, particularly when used in combination with atropine, provide more 
effective therapy than atropine alone for animals exposed to organic phos- 
phorus cholinesterase inhibitors (2-6). The present study is an investigation 
of the potential toxicity for man of two oxime drugs, known from animal ex- 
periments to be effective antidotes for compounds such as DFP, TEPP or 
sarin. One of these oximes is designated as DAM (diacetyl monoxime) (2-ox- 
imino-3-butanone) and the second as PAM (pyridine-2-aldoxime methiodide) 
(2-oximinomethy] n-methyl pyridinium iodide). 


METHODS 


Eleven paid volunteers, second year medical students, received PAM and an equal 
number, DAM. Their descriptions of the symptoms produced by the two drugs were more 
analytical and more vivid than those of eight ward patients to whom DAM was adminis- 
tered or of six patients to whom PAM was given. 

PAM or DAM dissolved in isotonic saline solution in a concentration of 30 to 40 mg. per 
ml. was introduced intravenously into recumbent subjects. The solutions of drugs were less 
than 30 minutes old when administration was begun. The dose ranged from 15 to 30 mg. 
per kg. of body weight and the duration of injection varied between two and four minutes. 
No differences seemed to be ascribable to this slight variation in rate and this will not be 
considered further. 

Pulse and blood pressure measurements were obtained prior to injection of the drug and 
at approximately five-minute intervals thereafter for at least 30 minutes. To search for 
postural hypotension, blood pressure in certain subjects was measured during recumbency 
and immediately after the person had sat erect. In 15 persons to whom PAM was given and 
in an equal number to whom DAM was given, electrocardiographic observations were ob- 
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tained during and subsequent to drug administration. In most experiments, the electrical] 
complexes present in the conventional lead 2 were observed continuously with an oscilloscope. 
In nine subjects who received each drug, lead 2 also was recorded with an electrocardiograph 
prior to injection and at two to five-minute intervals thereafter for 30 minutes after instilla- 
tion of drug. In six individuals receiving DAM and in an equal number receiving PAM, 
respiratory excursions were recorded with a pneumotachograph for 10 minutes after injection. 
This was not completely successful since the subjects also were told to describe any symptoms 
they were experiencing during and following administration of PAM and DAM. Speech 
caused distortion of the respiratory pattern. 

Hematologic procedures (volume of packed red cells, total leukocyte count, differential 
leukocyte count, reticulocyte count, bleeding time, clotting time and clot retraction) and 
estimation of two-hour urinary urobilinogen were performed as outlined in the manual by 
Cartwright (7). Urine and serum creatinines were estimated with the Jaffé reaction (8) as 
modified by Perkoff and Tyler (9). For endogenous creatinine clearance tests, urine was col- 
lected from 7:00 P. M. to 7:00 A. M. and, the blood for serum creatinine estimation was 
drawn in the morning, three hours after termination of the urine collection. Because this is 
not the standard procedure for the endogenous creatinine clearance test, this method was 
repeated 10 times in a single individual to determine the variation of the procedure. The 
mean clearance in ml. per minute was 127 with a standard deviation of 22. 

In the bromsulfonphthalein clearance test for liver function, a dose of 5 mg. per kg. of 
body weight was used and the amount of dye retained in the serum was estimated 45 min- 
utes after dye administration. 

Electroencephalograms were obtained with an eight-channel Model III-D Grass machine 
Console No. 1165.5 Both unipolar and bipolar recordings were made using frontal, pretem- 
poral, temporal, occipital and central electrodes. 

Subjects warmed by blankets and with a heat cradle about the trunk were examined for 
sweating of the fingers at regular intervals by bringing their fingers, previously coated with 
ferric chloride, in contact with dry filter paper impregnated with tannic acid. The intensity 
of bluish discoloration of the paper by the moisture gives an estimate of the amount of 
sweating. 


OBSERVATIONS AND RESULTS 
Toxicity of DAM in Man 


The symptoms noted in persons receiving DAM are listed in Table I. The 
intravenous administration of this drug in doses ranging from 15 to 30 mg. 
per kg. invariably produced pain or discomfort along the course of the vein. 
This appeared immediately after beginning the injection and subsided within 
a minute, irrespective of whether or not infusion of the drug was being con- 
tinued or was stopped temporarily. All persons experienced a bitter taste dur- 
ing the injection and for five to 30 minutes thereafter. 

The most striking symptoms related to the central nervous system. Many 
subjects noted diffuse paresthesias (tingling sensations) while the drug was 
being introduced and these continued for three to five minutes. Frequently, 


* We are grateful to Dr. Madison Thomas and to Mrs. Mary Jim English for the electro- 
encephalograms. 
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TABLE I 


Frequency of Symptoms in 19 Subjects Receiving DAM Intravenously in a Dosage of 15 to 30 Mg. 
per Kg. of Body Weight 





No. of Subjects Having| Duration in Minutes 











Symptom | Symptom out of 19 | : 
| Range Average 

Pain in vein during injection.............. 19 — <1 
Sensation of “‘dizziness”................. 7 | 8-37 14 
re 6 3-10 7 
cs sos Shehenahernnad das 6 1-5 3 
Blurred vision. . . ; i Miathwa Aaieeeee 4 2-8 4 
Difficulty in concentration. | 2 | 2-5 | 
ey TS ate ow inci dd and ; 2 <1 
Nausea EE FO A A I ee a 2 | 2-5 
Pain in chest during in jection. 1 | 3 
Decreased awareness of where limbs are. 1 18 





these were likened to the feeling attending induction of anesthesia with ether. 
Six persons complained of light-headedness or dizziness. No one felt a sensation 
of rotation in space. Two subjects described difficulty in concentration and 
one indicated a decreased awareness of where his limbs were. One individual 
receiving 15 mg. per kg. of DAM lost consciousness for three minutes following 
the injection. During this time, the muscles of the extremities were flaccid, 
but there were clonic movements of the head. While the dose of DAM varied 
from 15 to 20 mg. per kg. in 13 subjects, the dose of this drug was 30 mg. per 
kg. in six persons. Five of the six became unconscious for three to 10 minutes 
after injection and one of them, in addition, developed a generalized clonic 
convulsion of less than a minute’s duration. Administration of DAM did not 
produce changes in pupillary size or nystagmus in any instance. In three per- 
sons, ability to accommodate was examined during and soon after injection 
and no impairment was evident. 

Two semi-alert but responsive hemiplegic patients received 30 mg. per kg. 
of DAM over one minute. Both became stuporous following injection but 
recovered after six and 20 minutes respectively. Electroencephalograms were 
obtained for a control period and continuously for 30 minutes following in- 
jection. Samples of control record and of the changes observed in the early 
period after administration of DAM are shown in Figure 1 and Figure 2. It 
appears that the DAM promptly produced a significant reduction, and in one 
instance, obliteration, of the basic background pattern. Return to the control 
pattern occurred in five minutes in one patient and in 20 minutes in the sec- 
ond. 

During the course of the electroencephalogram on one patient, it was ob- 
served that the electrical artifact caused by sweating decreased during the 
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Fic. 1. Unipolar electroencephalogram—Subject 1 
A. Control 
B. One minute after intravenous administration of DAM in a dose of 30 mg, 
per kg. 
C. Two minutes later 
A decrease in electrical activity followed the injection and, clinically, this was 
accompanied by loss of consciousness. 














15 minute period following drug administration. This prompted us to inject 
20 mg. of DAM into the brachial artery of two subjects in whom hand sweat- 
ing was being observed at five-minute intervals. In one of these, sweating 
disappeared completely on the injected side for 20 minutes and then returned. 
On the non-injected arm of this person, sweating was not affected. In the 
second person, sweating disappeared in both hands for 30 minutes after intro- 
duction of DAM into the brachial artery of one arm. In these two individuals, 
the intra-arterial administration of 1 ml. of DAM (20 mg. per ml.) produced 
immediate transient discomfort throughout the forearm. 

A significant increase in pulse rate was observed only once. The pulse in- 
creased by 40 per minute and this continued for approximately four minutes. 
One subject’s systolic blood pressure rose from 130 to 155 mm. of mercury 
while the diastolic pressure increased from 80 to 90. Only minor changes in 
blood pressure occurred in three individuals who suddenly changed from the 
supine to the sitting position several times during the first 10 minutes after 
drug administration. Respiration was not affected in the six persons in whom 
these excursions were recorded. Electrocardiographic changes were present in 
only one of nine persons. In this instance, there was flattening of the T waves 
in lead 2 during the injection of DAM in a dose of 15 mg. per kg. with return 
of the T wave to normal 20 minutes later. 
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Fic. 2. Unipolar electroencephalogram—Subject 2 
A. Control 
B. Two minutes after intravenous administration of DAM in a dose of 30 mg. 


per kg. 
C. One minute later 
A decrease in electrical activity followed the injection and, clinically, this was 
accompanied by loss of consciousness. 


Repetitive examinations of formed blood elements were made on six sub- 
jects receiving DAM. In addition, the volume of packed red cells and the total 
leukocyte count were determined repeatedly in two others. While some varia- 
tions in these constituents occurred, no significant alteration resulted from 
drug administration. Clotting time, bleeding time and clot retraction were 
measured for two days prior to injection of DAM and one and two days sub- 
sequently in four subjects, and no change was demonstrated. In five persons, 
urine examinations for protein, sugar and sediment on repeated occasions 
showed no abnormality. A control endogenous creatinine clearance test prior 
to and one day following drug administration was carried out in eight sub- 
jects. In six of the eight, additional clearance tests were performed during the 
two weeks after drug injection. The results of studies in these eight subjects 
did not suggest that renal clearance was suppressed by administration of 
DAM. This drug did not cause any retention of bromsulfonphthalein in the 
four persons so examined, nor did it lead to any significant increase in urinary 
urobilinogen excretion in the eight persons in which this test was performed. 


Toxicity of PAM in Man 


Fifteen to 30 mg. per kg. of PAM were given during a two to four minute 
interval to 18 subjects. The symptoms noted are listed in Table II. The most 
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TABLE II 


Frequency of Symptoms of 18 Subjects Receiving 2-PAM Intravenously in a Dosage of 15 to 20 Mg. 
per Kg. of Body Weight 





| No. of Subjects Having Duration in Minutes 








Symptom | Symptom out of 18 | om taaen 
Sensation of “dizziness”............ | 18 | 1-45 15 
EL, ston ashy aca ariew a ulawe ee wee } 13 2-35 14 
Diplopia..... I ae 9 3-35 8 
Headache... ssi | 4 a. = 6 
Impaired accommodation. . 4 10-20 12 
Nausea... 3 | 5-12 | 10 





common complaint was a feeling of dizziness which began during the injection 
and continued for one to 45 minutes thereafter. There was no sensation of 
vertigo. The dizzy sensation was made worse by movements of the head or by 
assuming an upright position. Blurred vision developed in 12 persons and 
remained for an average time of 14 minutes. Eight of those with this symptom 
also experienced diplopia which lasted almost as long. Of three individuals 
tested, all had impaired accommodation persisting at the most 30 minutes 
after injection of PAM. Inspection of the eyes failed to demonstrate pupillary 
alterations, nystagmus or any objective evidence of eye muscle imbalance 
that could account for the diplopia. Four subjects experienced a headache, 
variously localized to the orbital, retro-orbital and supra-orbital regions. Nau- 
sea but not vomiting was present in three people. There was no pain along the 
course of the vein in any subject during injection. A small extravasation of 
PAM into the subcutaneous space in three instances resulted in no acute or 
delayed discomfort. 

A transient tachycardia (increase in rate by 12 to 18 per minute) was ob- 
served in six subjects. This disappeared in from three to 10 minutes after 
the drug had been administered. No significant variation in the blood pressure 
of reclining subjects was present after injection of PAM. Comparison of blood 
pressure of four persons when in the sitting and recumbent position showed 
no significant change. No alteration was observed in the electrocardiograms 
of the nine people in whom recordings were made. No effect on respiration was 
observed in the pneumotachograms of the six subjects studied. 

Laboratory studies on persons receiving PAM failed to disclose any definite 
abnormality that could be ascribed to drug administration. The observations 
included studies of the formed elements of the blood in five subjects, bleeding 
and clotting times and clot retraction in two persons, routine urine examina- 
tions on successive days in four persons and endogenous creatinine clearance 
tests in eight people. Likewise, no change in urinary urobilinogen output (six 
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subjects) or in amount of bromsulfonphthalein retention (four subjects) was 
observed. 
DISCUSSION 


The observations described here suggest that no serious toxic reaction will 
be encountered in man upon administration by the intravenous route of PAM 
or DAM in a dose of 15 to 30 mg. per kg. A potential hazard is the occurrence 
of coma and occasionally of convulsions following introduction of DAM, par- 
ticularly with a dose as large as 30 mg. per kg. There is no evidence that either 
drug, in the amounts employed, will cause any injury to hematopoietic tissue, 
liver, kidney or to the cardiovascular system. The continued negative examina- 
tions in individuals for long periods following the acute toxicity study make it 
improbable that any late untoward effects will result from a single injection 
of DAM or PAM. 

Certain limitations are evident in this attempted appraisal of the toxicity 
of these two drugs. Since it was not possible to obtain every type of laboratory 
study on each subject, any particular laboratory examination was performed 
on relatively few subjects. The possibility of an occasional sensitivity reaction 
developing in instances of repeated drug administration cannot be evaluated. 
It will be noted that the two drugs have been compared on the basis of equal 
weights rather than for equal numbers of molecules. Thus, on a molar basis, 
30 mg. of DAM would be equivalent to approximately 70 mg. of PAM. 

As regards PAM, a special restriction of interpretation is present. Chro- 
matographic studies have been developed which permit differentiation between 
pyridine-2-aldoxime methiodide (PAM) and pyridine-2-aldehyde methiodide 
(10). With these methods, our preparation of PAM was shown to be con- 
taminated with small amounts of the aldehyde. It is conceivable that the 
symptoms observed with PAM administration are produced by this contam- 
inant. 

The factor of dosage over a range of 15 to 30 mg. per kg. of body weight 
seemed to have no significant role for either drug in the likelihood of symptoms 
other than for the neurologic manifestations which appeared to be more prone 
to occur with the highest dose (30 mg. per kg.) of DAM. 

PAM administration produces diplopia and visual blurring. Although no 
muscle paresis was demonstrated, these symptoms suggest a partial neuro- 
muscular block such as might be induced by curare. In animal studies, suffi- 
cient doses of PAM are known to cause such a block (2). 

DAM in sufficient doses produces coma and occasionally convulsions. The 
electroencephalographic studies on two subjects indicated marked suppression 
of electrical activity during the first few minutes after injection of this drug. 
Presumably this reduced electrical activity is correlated with the coma. It 
also may be related to the observations of Wagley (11) that DAM causes a 








210 JAGER AND STAGG 


progressive decrease in the end-plate potentials of a frog nerve-muscle prepa- 
ration. 

Of minor significance was the observation that DAM, administered intra- 
arterially, appeared to reduce the sweating activity of the hand. This finding 
suggests that, in a suitable dose, DAM may have an atropine-like effect. Sev- 
eral observations in animals strengthen this concept. In five rabbits, the intra- 
venous administration of DAM in a dose of 50 mg. per kg. caused a pupillary 
dilitation which was approximately equal to that induced by the intravenous 
administration of atropine sulfate in a dose of 0.3 mg. per kg. Moreover, in 
two rabbits, this amount of DAM administered intravenously reduced the 
magnitude of blood pressure decline that was noted in control studies when 
metacholine was injected intravenously in a dose of 0.05 mg. per kg. No com- 
parable attempt to ascertain whether or not PAM has a similar atropine-like 
action is considered in this report. However, Bethe and coworkers (12) pre- 
sented evidence that PAM actually does have an anticholinergic action at 
certain doses. 


SUMMARY 


Clinical observations on experimental subjects indicate that the single intra- 
venous administration of PAM in doses of 15 to 30 mg. per kg. and of DAM 
in doses of 15 to 20 mg. per kg. will be tolerated safely. 


DAM in a dose of 30 mg. per kg. is likely to produce transient coma and 
electroencephalographic abnormalities. 

In suitable doses, DAM appears to have a mild anticholinergic action. 

Blurring of vision and diplopia of brief duration frequently followed in- 
jection of PAM. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING 
OF THE JOHNS HOPKINS MEDICAL SOCIETY 


January 13, 1958 
USE OF HYPOTHERMIA FOR OPEN HEART SURGERY 


FRANK C. SPENCER 


Hypothermia was first used in intracardiac surgery by Lewis in 1952 in the repair of an 
atrial septal defect. Clinical experiences in the next 3 years indicated that circulatory occlu- 
sion longer than 8 minutes was hazardous. Hypothermia was used in this series of patients 
with coronary perfusion to prevent myocardial ischemia during circulatory occlusion. Occlu- 
sion periods as long as 13 minutes were tolerated, and ventricular fibrillation was seldom seen. 
The blood pH was kept within the normal or slightly alkalotic ranges. 

Hypothermia is induced with surface cooling with a water mattress and ice. The tempera- 
ture is not lowered below 28° Centigrade. Thirty-nine patients with an uncomplicated atrial 
septal defect have been operated upon with 2 deaths. One of these deaths occurred in a 38 
year old woman, one of the oldest patients in the series. A total of 41 operations for atrial 
septal defect have been done with 4 deaths; one was secondary to severe mitral insufficiency, 
and one secondary to severe pulmonary hypertension. Seventeen operations have been done 
for pulmonic stenosis. Fourteen patients with valvular stenosis were done with 1 death, 
which occurred suddenly 4 days after operation from unknown causes. Three patients with 
infundibular stenosis were operated with 1 death from an unrecognized associated subaortic 
stenosis. Hypothermia has been found suitable for operations for atrial septal defect and 
pulmonic stenosis; the period of circulatory occlusion should not extend beyond 10-12 min- 
utes. 


EXPERIMENTAL OPEN HEART SURGERY EMPLOYING HYPOTHERMIA, 
MECHOLYL ARREST, AND CAROTID PERFUSION 


STANLEY K. BROCKMAN 


These experiments were initiated in the hope of developing a technique for open heart 
surgery which would provide the operative time needed without the attendant complexities 
of other methods. The basic components of this approach include general hypothermia, 
cardiac arrest induced by mecholyl to prevent myocardial anoxia, and carotid perfusion to 
prevent cerebral damage. Circulatory standstill was accomplished by occlusion of both venae 
cavae, and about one minute allowed for partial cardiac emptying before the aorta and pul- 
monary artery were cross clamped. Immediately thereafter a solution containing mecholyl 
was injected into the root of the aorta to induce cardiac arrest. Carotid perfusion was then 
begun. The blood passed from an overhanging transfusion bottle through a commercial 
filter recipient set to a previously placed plastic catheter which allowed the blood to enter 
only the carotid arteries. The blood returning from the brain was collected by gravity drain- 
age from a plastic catheter in the superior vena cava. The volumes of blood collected in this 
manner were always substantially the same as those introduced. The carotid perfusion rates 
ranged from 1.3 to 3.6 cc. per kg. per min. During cardiac arrest a right ventriculotomy or 
ascending aortotomy was performed. These interventions were repaired later just prior to 
reconstitution of the heart’s activity. The latter was accomplished by the injection of a solu- 
tion containing atropine into the root of the aorta. Manual cardiac massage was begun to 
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insure entry of this solution into the coronary vessels. Atropine rapidly counteracts the de- 
pressant effect of mecholyl thus restoring cardiac activity. The great vessels were then re- 
leased from occlusion and the circulation reestablished. In a group of 20 such experiments 
with temperatures ranging from 27.5° to 30°C. and periods of circulatory arrest from 32 to 
50 minutes all the animals survived except one which died on the eighth postoperative day 
with empyema. A transient ataxia in the dog with the lowest perfusion rate was the only 
evidence of neurological damage. In another group of experiments potassium rather than 
mecholyl was used to induce cardiac arrest. This group of experiments demonstrated that 
restoration of the potassium arrested heart by the procedure used is uncertain and more 
prolonged than would be desired. A degree of cardiac conductivity and irritability was always 
present during mecholyl cardiac arrest as evidenced by the regular recording of QRS com- 
plexes. A mechanical contraction usually but not always accompanied the QRS complexes. 
These were quite weak and did not interfere with surgical manipulation. During potassium 
arrest the heart was devoid of any evidence of conductivity or irritability. Restoration of 
cardiac activity was presumably more difficult here since the heart was in a state of deeper 
cardiac anesthesia. 

The technique described permits surgical attack on either side of the heart and coronary 
vessels in a bloodless field and without annoying cardiac or respiratory movements. Although 
more work is needed before such a technique can be applied clinically it does demonstrate 
that simpler methods for open heart surgery may be forthcoming. 


CONSIDERATIONS IN THE DEVELOPMENT AND USE 
OF A PUMP-OXYGENATOR 


Henry T. BAHNSON 


Experiences in the treatment of 70 patients with the pump-oxygenator were reviewed, the 
first 27 being treated with a bubble oxygenator, and a screen oxygenator developed by Dr. 
Robert Gaertner being used on the last 43. The procedure has been developed to the point 
where the use of the bypass itself does not appear to offer any additional hazard to the pa- 
tient, and the risk of operation is currently that of the defect which is being treated. In addi- 
tion to treatment which this makes available for intracardiac lesions, the apparatus is now 
an effective physiological tool useful for studies of many other physiological changes incident 
to the use of the cardiopulmonary bypass. The initial studies with the apparatus were re- 
viewed including observations on changes on electrolytes, heart block, stress ulcers which 
have appeared in two patients, and the regulation of bypass flow on the basis of intravascu- 
lar pressures. A review of the types of patients operated upon was given. 


INDICATIONS FOR AORTIC VALVULOTOMY BY OPEN HEART SURGERY 
IN CONGENITAL AORTIC STENOSIS 


CATHERINE A. NEILL 


Congenital aortic stenosis has in the past been considered to carry a good prognosis. Dur- 
ing the past 5 or 6 years it has been recognized that some patients with this condition die in 
infancy, some die suddenly in early adolescence, and a few develop cardiac enlargement and 
cardiac failure usually in adolescent life, and pursue a rapidly downhill course. The majority 
survive to adult life with mild disability and severe symptoms may not occur until the 30’s 
and 40’s. 

The increasing safety and accuracy of surgery on the aortic valve and the realization that 
the natural prognosis is not invariably good have caused cardiologists to seek criteria for 
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recommending surgery before the onset of cardiac enlargement, left ventricular failure or 
calcification of the aortic valve, all of which conditions render surgery more hazardous and 
the chances of real improvement after valvulotomy less predictable. In Dr. Taussig’s Clinic 
it is now the policy to recommend aortic valvulotomy in childhvod if attacks of angina or 
syncope have occurred, or if the electrocardiogram shows left ventricular hypertrophy asso- 
ciated with progressive ST depression and T wave inversion over the left precordium indicat- 
ing progressive myocardial damage. 

Using these criteria ten consecutive patients have been operated on for congenital aortic 
stenosis between November 1956 and December 1957. The ages ranged from 34 to 18 years: 
2 children were operated on under 5 years, one between 5 & 10, 4 between 10 & 15 and 3 
over 15 years. There were 9 males and 1 female in the series. All patients showed dyspnea 
on exertion, usually only mild or moderate in severity. The onset of dyspnea preceded the 
appearance of severe ST and T wave changes in the electrocardiogram by about 2 years in 
several patients followed serially. Angina was present in the boy of 344 who underwent 
surgery and syncopal attacks in 3 children ages 14, 14 and 18 years. Persistent bigeminal 
rhythm causing “palpitations” was the presenting symptom in one little boy aged 8 years: 
the arrhythmia was considered a sign of impending left ventricular failure, and disappeared 
on valvulotomy. Four patients complained only of effort dyspnea and the main indication 
for surgery was severe electrocardiographic deterioration. The final patient, a boy of 3%, 
had been severely dyspneic since an attack of cardiac failure in early infancy and had re- 
current episodes of ‘“‘asthmatic bronchitis”: the electrocardiogram showed right ventricular 
hypertrophy only. With this one exception the electrocardiogram correlated well with the 
gradient across the aortic valve as measured at surgery or at left heart catheterization. The 
gradient was over 200 mm. in the child with bigeminy, between 100 and 150 mm. in 3 of the 
patients, between 60 and 100 in 3, and 50 mm. of mercury in one patient who showed only 
mild electrocardiographic changes. In the two remaining patients, the measurement of 
gradient was technically unsatisfactory, but was thought to be at least 60 mm. of mercury. 

The first patient was operated on under hypothermia, the remaining nine using the bubble 
oxygenator of the Gaertner type. In two patients the stenosis was subvalvular due to a 
membranous diaphragm immediately before the aortic valve and was resected satisfactorily 
from above. There were no operative deaths, and all patients are well after follow up periods 
of between 1 month and 1 year. Two patients developed aortic insufficiency of moderate 
severity, and two a faint insufficiency murmur of no apparent clinical significance. 

During the same period there were 2 patients with combined aortic and pulmonary steno- 
sis, both infundibular in type, and both died. There was one thoracotomy with no aortic 
stenosis found, and the patient made a good recovery. 

Angina, syncope, and progressive ST and T wave changes indicating left ventricular hy- 
pertrophy and anoxia are considered indications for aortic valvulotomy by the open heart 
technique. 
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BOOK REVIEWS 


Gynecological and Obstetric Pathology. With Clinical and Endocrine Relations, 4th edition. 
By the late Emit Novak AND Epmunp R. Novak. 683 pp., $14.00. W. B. Saunders 
Co., Philadelphia, Pa. 

Novaks’ Gynecologic and Obstetric Pathology 4th Edition, published by the W. B. 
Saunders Co. has expanded from 595 to 650 pages. The general composition of the book is 
the same as the 3rd Edition. This book has been the standard text in its field in this country 
and most foreign countries where the subject is seriously studied since the first edition. 
Each edition has been an improvement on the previous one and the present 4th Edition 
continues in that trend. 

Some chapters have been changed very little while others are essentially new. The sec- 
tion on cervical cancer has been considerably revised, especially that part dealing with 
carcinoma in situ. Hinselmann’s conception of the rubic patterns as premalignant lesions 
has become obsolete and the authors have omitted it from the revised edition. The illustra- 
tions of cervical carcinoma in situ are excellent and the discussion of the condition is based 
on solid pathologic evidence. The discussion on “basal cell hyperactivity” goes as far as 
possible in evaluating the true nature of this condition but makes no false claims of knowl- 
edge regarding this controversial subject. 

In their discussion on the subject of proliferative and adenomatous endometrial hyper- 
plasia in relation to malignancy the authors state quite honestly that “there is a small group 
in which we do not believe any pathologist can be absolutely sure.” Judging from the photo- 
micrographs, the reviewer believes that if the authors are in error it is in the direction of 
considering low grade malignancies as benign. However, this subject is most controversial 
and we cite it to indicate the frank manner in which border-line lesions are presented. 

The discussion on the histogenesis of endometriosis is brought more nearly up to date 
than in the 3rd Edition but in the opinion of the reviewer the authors still give more em- 
phasis to the coelomic metaplasia theory than is justified by the evidence as it exists today. 
Since Novak, Sr. was a proponent of this theory of Meyer and Iwanoff since it was first 
propounded it is understandable that he abandons it reluctantly in the light of rather con- 
vincing experimental and clinical evidence in favor of Sampson’s retrograde menstruation 
theory. If the coelomic metaplasia theory can be supported on anything but theoretical 
grounds the reviewer has never been made acquainted with such evidence. On the other 
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hand, the objection made by the authors to recent experimental work on monkeys support- 
ing Sampson’s theory that the endometriosis produced might have been the result of ir- 
ritation from blood upon the serosa rather than the transplantation of menstrual endo- 
metrial particles is not warranted. The authors have overlooked later experiments in which 
blood was introduced into the monkey’s abdomen monthly without the production of 
endometriosis. The reviewer, however, is in complete agreement with the authors when 
they state that “no one of the above theories is satisfactory to explain all cases.” 

The two chapters on obstetric pathology by Hellman and Novak, respectively, have been 
replaced by chapters covering the same subjects by Nesbit and they are lucidly written. 

Finally the last chapter on breast lesions of the 3rd Edition has been replaced by a new 
chapter on gynecologic and obstetric exfoliative cytopathology. The authors were wise in 
relinquishing the chapter on breast lesions. The subject belongs in this country to the realm 
of general surgery and excellent books have been written on breast pathology by general 
surgical pathologists in recent years. This last chapter, written by John K. Frost, covers 
33 pages and, in a concise way, covers the subject as completely and clearly as possible in 
the space accorded to it. No modern’ gynecologic pathology would be complete without an 
exposition on this important phase of gynecology. 

A strong point of all editions of this book has been the correlation of the clinical and 
pathological. Since a knowledge of pathology is, in the opinion of the reviewer, the founda- 
tion stone upon which good gynecology is practiced it is certain that this book from the first 
edition has had a tremendous impact upon clinical gynecology in this country and abroad. 
It has been a classic and I believe it is safe to predict that it will remain the foremost book 
in its field for many years to come. 

RIcHARD W. TE LINDE 


The Chemical Dynamics of Bone Mineral. By Witt1Am F. NEUMAN AND MARGARET W. 
NeEvumaN. 209 pp., $5.00. The University of Chicago Press, Chicago, Ill. 

This is the best summary of information presently existing on bone mineral. The Neu- 
mans present the material in an impartial manner placing in prospective the results of many 
investigators. This book will not only be useful to the biochemist but also to physiologists 
and clinicians concerned with mineral metabolism—particularly calcium, sodium and 
phosphorus metabolism. 

RoBEert A. ROBINSON 


Symposium on Diseases and Surgery of the Lens. By GeorcEe M. Ham. 260 pp., $10.50. 
The C. V. Mosby Co., St. Louis, Mo. 

The Fifth Annual Session of the New Orleans Academy of Ophthalmology was a sym- 
posium on diseases and surgery of the lens. The symposium was contributed to by seven 
outstanding American authorities in the field, Paul A. Chandler, Frederick C. Cordes, John 
H. Dunnington, S. Rodman Irvine, V. Everett Kinsey, Harvey E. Thorpe and Derrick 
Vail. This volume is the carefully edited proceedings of that symposium. Included are ex- 
cellent chapters on the embryology of the lens, and the classification of congenital, juvenile 
and adult cataracts. The surgical procedures for congenital cataracts and adult cataracts, 
both uncomplicated and complicated are superbly presented. The various complications 
occurring during cataract extraction and following cataract extraction are presented in 
great detail. The chapters are profusely illustrated with fine black and white photographs 
and excellent black and white drawings. The final thirty-eight pages of the volume consist 
of round table discussions with questions and answers by various participants in the sym- 
posium. 








Thi 


mic su 


Th 
me! 
this 
vie 
pal 
anc 
sto 





pport- 
of ir- 
endo- 
which 
ion of 
when 


e been 
ten. 

a new 
vise in 
realm 
eneral 
covers 
ble in 
ut an 


| and 
unda- 
e first 
road. 

book 


IDE 
TW. 


Neu- 
many 
ogists 

and 


ON 
0.50. 


sym- 
even 
John 
rrick 
e ex- 
enile 
acts, 
tions 
d in 
aphs 
nsist 





yp oer ereerory: 


BOOK REVIEWS 217 


This delightfully written and beautifully edited book should be read by every ophthal- 
mic surgeon who is doing or who contemplates doing cataract surgery. 
HowarD NAQUIN 


Prevention of Chronic Illness. Chronic Illness in the United States, Vol. I. By Commission 
on Chronic Illness. 338 pp., $6.00. Published for The Commonwealth Fund by Harvard 
University Press, Cambridge, Mass. 

As stated in the preface, “this volume is the first of a series of four on the subject of 
chronic illness. The series is based on the work of the Commission on Chronic Illness, the 
national voluntary group which, from 1949 to 1956, studied the chronic illness problem in 
the United States.”” Three forthcoming volumes will discuss ‘“‘Care of the Long-Term Pa- 
tient,” “Chronic Illness in a Rural Area,”’ and “Chronic Illness in a Large City.” The four 
volumes will constitute a report on the seven-year program of the Commission on Chronic 
Illness, of which Dean W. Roberts and J. Douglas Colman, both associated with Johns 
Hopkins University, were, respectively, Director and Secretary. 

About one-third of this volume is devoted to subjects such as primary prevention (avert- 
ing the occurrence of such illnesses as blindness, paralytic poliomyelitis, and cardiovascular 
diseases), secondary prevention (halting the progress of a disease by early detection through 
periodic health and laboratory screening examinations), and finally the education of the 
public and the health professions and the community planning required for reducing the 
incidence of chronic disease. The remainder of the book is a series of summaries on the pre- 
ventive aspects of most of the major chronic diseases and impairments. The subjects include 
arthritis, blindness, cancer, cardiovascular diseases, cerebral palsy, diabetes mellitus, epi- 
lepsy, impaired hearing, mental illness, multiple sclerosis, poliomyelitis, late syphilis, and, 
tuberculosis. There are also discussed the relationships to chronic disease of dental health, 
emotional factors, heredity, malnutrition and obesity. For each disease there is a brief 
summary concerning etiology, prevention, complications, techniques of early diagnosis 
and possible areas of research; there are also appropriate bibliographies. 

The volume is a source of documented information on many aspects of chronic disease, 
useful to specialists in the field of public health and also to those responsible for the re- 
cruiting and education of those in the health professions. The internist and general prac- 
titioner too will find much to hold their interest, such as the chapter on the conduct of 
periodic health examinations and that on screening techniques. In the volume one does not 
find completely exhaustive discussions of the prevention and early diagnosis of all chronic 
illnesses. But the text and the bibliographies afford a useful gateway to this important 
field. 

PALMER H. FUTCHER 


Hepatitis Frontiers. Henry Ford Hospital International Symposium. Edited by FRANK 
W. Hartman, GERALD A. LoGrippo, JoHN G. MATEER AND JAMES BARRON. 595 pp., 
$12.50. Little, Brown & Co., Boston, Mass. 

The Second World War and The Korean conflict stimulated investigation in hepatitis. 
The inability to identify with certainty those having the disease and the lack of an experi- 
mental non-human host have been important deterrents to rapid progress in the study of 
this major disease. In this, the Sixth Symposium of the Henry Ford Hospital, the current 
views of some 100 workers in the medical sciences are presented in the form of 41 papers, 2 
panels and all pertinent discussion. A. M. Rappaport and Ralph W. Brauer presented new 
and old data on circulatory factors in the damaged liver. Hans Smetana and A. H. Baggen- 
stoss reviewed the pathology of all stages of hepatitis. A discussion of cirrhosis in adolescent 
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females was included in some detail. The promising report of I. W. McLean, Jr. describing 
the actual cultivation of human hepatitis virus at Parke Davis in tissue culture of epithelial 
cells was extensively discussed; other workers had been unable to confirm the finding. The 
possibility of growing hepatitis virus in organ culture was shown by F. B. Bang. Epidemiol- 
ogy of hepatitis in Chile, in India, in a school for defective children and in the military was 
presented. A gripping account of the detective work in a fulminant water born epidemic of 
hepatitis at Delhi, India was presented by J. L. Melnick. 

R. F. Norris of Philadelphia reviewed the value of liver function tests for the detection 
of carriers of viral hepatitis in blood donors. The discussion was active but there was no 
agreement reached. Sterilization of plasma and plasma products using aging at room tem- 
perature or ultra violet, gamma or beta irradiation was considered. Beta-propiolactone, a 
virucidal agent was used in several experimental virus infections with good results. The use 
of this agent, and the other methods of sterilization are all in a stage of evaluation too pre- 
liminary for firm conclusions, ultra violet irradiation, and room temperature aging seem 
most promising. 

A discussion of laboratory tests in the diagnosis of hepatitis was appropriately presented 
by a pioneer researcher in each field: G. Viollier on protein electrophoresis, N. F. Maclagan 
on flocculation tests, F. Wréblewski on serum enzyme tests, J. L. Bollman on bile pigments, 
and E. A. Gall on needle biopsy. A skillfully moderated panel under Henry L. Bockus on 
differential diagnosis indicated that laboratory tests by no means are the final word. Clinical 
management of hepatitis and liver coma was the subject of a second panel. 

The volume accurately presents the tone of the symposium and the discussion is well 
edited to preserve the informality of the meeting and the intent of the discussers. The free 
discussion of the papers is not equaled anywhere in published form since the cessation of 
the Josiah Macy Jr. Conferences on Liver Injury. The volume is not a complete review of 
the subject of hepatitis nor does it include all work being done in the field; it is a single 
gathering of a majority of the interested workers and as such is an up to date source of in- 
formation for anyone interested in hepatitis or liver disease in general. The value is en- 
hanced by bibliographies kindly appended to the majority of the papers and a good index. 
Some of the illustrations presented by the unscheduled discussants have been omitted which 
makes their comments of diminished value. The panel discussions are excellent reading for 
all with a clinical interest in internal medicine. The volume should be available to all med- 
ical libraries. 

FRANK L. IBER 


The Student-Physician. Introductory Studies in the Sociology of Medical Education. Ed- 
ited by Ropert K. MERTON, GEORGE G. READER AND Patricia L. KENDALL. 360 pp. 
$5.00. Harvard University Press, Cambridge, Mass. 

With this book formal notice is served that sociology has entered the lists in the arena 
of medical education. The event was long overdue. The social aspects of medical care and 
education have been woefully neglected, or at best have been relegated to the limbo of social 
service. Many physicians and medical educators will recognize their own dereliction and 
welcome this scientific approach to medical “social science.”’ Others will consider it an in- 
trusion upon their jealously guarded prerogatives and will receive the advent of sociology 
in medicine with the same skepticism and diffidence with which they recently greeted the 
era of psychology in medicine. This is a pity. For whether we like it or not, the success of 
any venture in medical education is in large part dependent on our understanding of that 
complex society of students, teachers and patients that constitutes a modern medical school. 
We should feel fortunate, therefore, that the very complexities of our medical school socie- 
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ties have intrigued so notable a group of sociologists as Professor Merton and his colleagues. 
Their book is a revelation. I would particularly recommend for serious consideration Mer- 
ton’s introductory paper on the “theoretical and historical context” of the studies. In it he 
exhibits remarkable insight into medical education past and present. Most of the individual 
reports on various phases of the study are presented with scholarly detachment and merit 
careful consideration. The data on “Career Decisions’ and “Processes of Attitudinal Learn- 
ing” are most revealing and should serve as valuable source material. 

My only major reservation is the extensive amount of space devoted to the Cornell 
Comprehensive Care and Teaching Program (C.C. & T.P.). This is an extremely interesting 
experiment in medical education that deserves to be aired, but I feel that its inclusion here 
detracts from the objectivity of the book. The authors are too intimately involved in the 
success of the C.C. & T.P. to view it with the same dispassion that they would similar social 
structures in other medical schools. In effect, they are evaluating the society that they 
themselves have “structured” (to borrow a favorite non-verb from sociological parlance). 
The result is a preachment rather than “introductory studies in the sociology of medical 
education’’, as the subtitle of the book suggests. The C.C. & T.P., mirabile dictu, may ad- 
just the social imbalances in our schema of medical education, but presented in such a 
fashion it can hardly foster confidence in the scientific impartiality of sociological evaluation. 

RoBERT R. WAGNER 


Metabolic Aspects of Transport Across Cell Membranes. Edited by Q. R. Murpny. 379 
pp., $7.50. The University of Wisconsin Press, Madison, Wis. 

Workers in the broad field of transport across cell membranes, who have studied different 
species and different tissues, have known for sometime that they had much in common, and 
a symposium held at the University of Wisconsin in 1955 was an effort to bring them to- 
gether. The result appears in this volume. There is a group of relatively long, carefully 
prepared and documented reports which serve as admirable reviews of the field. Although 
such reviews have in most cases appeared elsewhere in similar form, this is an opportunity 
to have them in a single volume. Particularly recommended for the beginner in the field are 
the reviews by Ussing and Conway. In addition to the prepared reports there are what seem 
to be stenographic copies of the discussions. Such discussions are largely inappropriate for 
permanent record in book-form because they contain undocumented material and offhand 
mention of data which the reader cannot appraise. Yet several portions of the discussion 
were stimulating. In particular, a lively argument between Ling and Conway formed the 
most lucid presentation of their opposing views which has yet appeared, and a discussion 
between Davies and Berliner seems to have led to similar clarification. 

KENNETH L. ZIERLER 


A Text-Book of X-ray Diagnosis. By British Authors in Four Volumes. Third edition edited 
by S. CocHRANE SHANKS AND PETER KERLEY. Vol. I. 521 pp., $18.00. W. B. Saun- 
ders Co., Philadelphia, Pa. 

Although Volume 1 of this set of four volumes is entitled “Head and Neck”’, very little 
of the subject matter actually deals with the radiology of the neck. The volume covers the 
central nervous system and diseases of the skull, the teeth and jaws, the eye, the accessory 
nasal sinuses and the ear and temporal bone. In general, this work is well written and well 
organized but the subject matter rather limited. From the first edition of this text-book in 
1938 to the present third edition, the scope of this work has diminished from a “compre- 
hensive survey”’ to a “description of the fundamental principles of interpretation” due to 
the rapid progress of this subject. The first volume is therefore now of interest chiefly to 
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beginners in the field of neuro-radiology. However, a few points of interest occur throughout 
the book which cannot be found in more comprehensive monograms. It is rather unfortu- 
nate that most of the x-ray reproductions are poor “positive prints” rather than the more 
familiar “negatives”. The section on “The Teeth and Jaws” written by Dr. H. M. Worth 
has excellent reproductions and is superbly and concisely written. Several of the chapters 
have no bibliography. Many of the more recent important contributions to the field of 
neuro-radiology are not mentioned. 
Joun G. McAFEE 


Side Effects of Drugs 1955-1956. Compiled by L. MEYER. 128 pp., $5.00. Excerpta Medica 
Foundation, New York, N. Y. 

This book appears to be a useful compendium in which reports of toxicity of a large 
number of drugs are collected. All the synonyms of a given agent are indexed. From this 
point of view alone the book could serve as a reference in identifying compounds when an 
unfamiliar name is used. For example, “pethidine’’, a British usage, can readily be identified 
as “meperidine”’. 

It is not possible to know how complete the coverage of this volume is. It contains, how- 
ever, a large number of references drawn from the world’s medical literature (notably ex- 
cepting the Russian), and could be used if one wished to search the literature for reports of 
toxicity seen with a given agent during the time period reviewed. 

In general approach the author follows what appears to be a sane and conservative 
course in the presentation of this material. 

Wm. P. McCann 


Clinical Parasitology, 6th edition revised. By Ernest C. Faust AND PAuL F. RUSSELL 
with the editorial assistance of Davip R. Lincicome. 1078 pp., $15.00. Lea & Febiger, 
Philadelphia, Pa. 

How can one “review” a book which now in its 20th year of life and in its sixth edition 
was the same book purchased for one’s initial full course in clinical parasitology, in which 
the present senior author discussed helminth diseases in the far off Orient? Or weigh the 
influence of a text which has remained a constant reference and compendium of information 
for those who are curious about the world distribution of a schistosome, or the clinical symp- 
tomatology of a chigoe, or the method of cultivation of EZ. histolytica. The fact that these 
things can be found readily illustrates the orderly arrangement of the text. Sometimes it 
may seem to include information of minimal use to the parasitologically-minded clinician, 
but perhaps the clinical parasitologist will be encouraged to correlate taxonomic details and 
clinical symptomatology. 

The addition of a world authority on malaria to the authorship is a tremendous contribu- 
tion. Dr. P. F. Russell is the author or coauthor of several excellent works on malaria, and 
his life-long experience with this disease is apparent in numerous places in this edition. 

We can only hope that this most important contribution to world health will continue 
to have a long and effective life. 

F. B. BANG 


Hemorrhagic Diseases. By ARMAND J. Quick. 451 pp., $9.50. Lea & Febiger, Philadelphia 
6, Pa. 
This text compares most favorably with other texts on the hemorrhagic diseases. Al- 
though there is sufficient experimental information to appeal to the coagulationist, the 
primary emphasis is clinical. The style is clear and concise. The book is well-balanced, 
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reflecting the author’s interest in all phases of coagulation. Each of the nine chapters may 
be read independently, and each is furnished with abundant references. 

The second section describes laboratory methods. Not only are technical procedures 
clearly outlined, but more importantly the applications and limitations of each procedure 
are critically evaluated. 

This reviewer can see no virtue in Quick’s insistence on a thromboplastin that yields a 
“normal” prothrombin time of twelve seconds. The preparation and standardization of 
thromboplastin should be varied according to the clinical or laboratory requirements. Al- 
though the author’s classification of the hypoprothrombinemias is unorthodox, his concept 
is provocative. Hemorrhagic Diseases is recommended as the best available clinical text on 
blood coagulation. 

Atvin MARGOLIUs, JR. 


Extensile Exposure, 2nd edition. By ARNotD K. Henry. 320 pp., $10.00. The Williams & 
Wilkins Co., Baltimore, Md. 

Extensile Exposure has been revised after a successful first edition with several reprintings. 

This book is concerned with surgical anatomy and is presented in a unique fashion. The 
style is quite pleasant and it, therefore, makes for easy readability. None of the true drab- 
ness of standard anatomical textbooks is present. The book does not include all of the 
anatomic sections of the body and consequently is not a complete text of anatomy. The 
sections included are: the upper limb and neck, access at the second left costal arch, the 
hypogastric route, and the lower limb. The thesis is concerned with surgical anatomy and 
clinical correlation is emphasized. The anatomical illustrations are good and in some in- 
stances unusual. 

The chief value of this book would be as a reference text for general surgeons particularly 
interested in the peripheral vascular system and to orthopedic surgeons. 

Wituiam F. Rrenuorr, III 


The Specialties in General Practice, 2nd edition. Edited by Russet L. Ceci, anD Howarp 
F. Conn. 780 pp., $16.00. W. B. Saunders Co., Philadelphia, Pa. 

A chapter is written on each of the following subjects by an outstanding man in his field: 
minor surgery, orthopedic surgery, fractures and dislocations, urology, diseases of the anus, 
rectum, and colon, gynecology, obstetrics, pediatrics, ophthalmology, nose and throat, 
larynx, bronchi, and esophagus, otology, dermatology and syphilology, and psychiatry. 
The book was planned as a sort of ready handbook for the busy physician in which he might 
find brief and practical descriptions of how to handle the less serious problems in the var- 
ious special fields. Basic principles are emphasized. An excellent job has been done in the 
744 pages of text. 

C. L. SExTon 


Gout. By Jonn H. Tarzor. 205 pp., $6.75 Grune & Stratton, Inc. New York, N. Y. 
This volume is a concise and well arranged treatise on a disease entity and seldom does 
one have the opportunity to find so much information so ably presented. The author has 
arranged the material in a manner that makes any aspect of Gout readily accessible. He 
covers the subject in some 180 pages which is to be commended, for one is spared long case 
histories and voluminous discussions of theories. However, the views of others are presented 
with the most fairness. The author has interpolated his own views in a manner which en- 
ables the reader to weigh the evidence on matters still controversial and reach his own 
conclusions without undue influence or prejudice. 
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The illustrations are excellent and chosen to convey features which defy description and 
only visual presentation can adequately set forth. The chapter on Pathology is particularly 
pleasing, for Gout for so long has been on a clinical basis in the thinking of those concerned, 
Likewise, the chapters on Complications and Associated Diseases deal with phases of the 
disease heretofore too little considered. The concluding chapter on Treatment is a full dis. 
cussion of the handling of the malady on a rational basis, which leaves little to be desired, 

The author has made a contribution which is to be commended to doctor and student 
alike, and the presentation is a valuable and useful addition to medical literature. 

CHARLES W. WAINWRIGHT 


Practice of Medicine, 6th edition. By JONATHAN CAMPBELL MEakiNs. 1916 pp., $16.00, 
The C. V. Mosby Co., St. Louis, Mo. 

Memory serving, it was I. A. Richards who reviewed the Encyclopedia Brittanica and 
did it with virtuosity, wisdom and a few double entendres. It is less difficult but almost as 
alarming to review a modern multi-authored textbook of medicine. This new edition of 
Meakins is virtually a new book. Whereas earlier editions were mostly Meakins—and the 
fifth one demonstrated that it was too big a task for one man—the sixth edition has been 
surrendered to an imposing staff and may now be placed alongside three or four other front 
rank medical texts. 

Perhaps inevitably multiple authorship leads to uneven exposition. The first 600 pages 
devoted to infectious diseases and the use of anti-infectious agents, are reasonably complete 
and include thorough and modern discussion of tuberculosis, pneumonia and syphilis. There 
is a welcome old-fashioned taxonomical introduction to the section of diseases due to para- 
sites. 

The sections on pulmonary and heart disease are both introduced by excellent brief 
resumes of pathological physiology. There is well-oriented consideration of the causes of 
symptoms in heart disease but the section suffers from an inadequate sketchy discussion of 
myocardial infarction. 

The section on renal disease is a disappointment although the individual chapters on 
disease entities are at least adequate for a text of this kind. The chapter on renal function 
is erroneous on at least one major point. There are five pages on electron microscopy of the 
kidney; one wonders why. 

Gastrointestinal, pancreatic and hepatic disease are well-covered, with each section 
introduced by rich but brief consideration of normal function and mechanism and mani- 
festations of disordered function. An example of thorough treatment appears in the chapter 
on rheumatic diseases in the excellent section on the musculoskeletal system. 

All in all, if one-volume textbooks of medicine have a role this volume is now about as 
satisfactory as any of the others. If this seems faint praise it is not owing to lack of respect 
and awe for the difficult task undertaken by editor and contributors but it bespeaks a sus- 
picion that one-volume textbooks of medicine may not really be very useful. In order to be 
complete, index-wise, nearly every disorder that has been named must be mentioned, and 
too often they are only mentioned. No one could recognize Whipple’s disease from the few 
words spent on it in this book. Even more common diseases, such as scleroderma and der- 
matomyositis are scarcely more than noted. Most cases of lupus erythematosus would be 
missed if one depended on the description in this text. Such are the limitations of space that 
even very common disorders are, in general, treated incompletely. The student may well 
need an introductory medical text, but perhaps his major needs are for help in approaching 
the problem, a knowledge of pathologic physiology, inexpensive paperback monographs on 
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the more common ailments and a compendium of just the right amount of information on 
the less common ones. One text can’t do it all. 
KENNETH L. ZIERLER 


Synopsis of Gastroenterology. By RUDOLF SCHINDLER. 395 pp., $7.75. Grune & Strat- 
ton, New York, N. Y. 

This small volume traverses the whole field of gastroenterology. Accepting the limita- 
tions of a synopsis—inescapable dogmatism, marked generalization, pronounced concise- 
ness, omission of proper credit and essential references—this book is excellent. The author 
js eminent in this subspecialty. He is particularly known as the father of modern gastroscopy 
and has written the classic text on this procedure as well as a monograph on gastritis. 

Since the digestive tract often mirrors disturbances, the seats of origin being elsewhere, 
the author is to be commended on approaching this important problem, too often forgotten 
in this era of specialization, in the first section of this little book. Reference also is made of 
digestive tract lesions producing no symptoms and to the interpretation of common symp- 
toms aS anorexia, nausea and vomiting, constipation, diarrhea, dysphagia and so on. The 
place of history, physical examination, special diagnostic procedures, simpler laboratory 
and endoscopic methods as well as of the x-rays are pointed out. 

Then the conventional method of presenting the diseases afflicting each organ is taken 
up in separate chapters. The practical aspects of helminthology, entomology, protozoology 
and general therapy of gastroenterologic diseases are considered too. 

Here and there—possibly because of the necessities of synoptic condensation—certain 
generalizations may be questioned as: under diseases of the esophagus, page 67, “if both 
the case history and the roentgen examination indicate the presence of a carcinoma, no fur- 
ther investigation is necessary.” Since roentgen-ray therapy or surgery is of such great 
magnitude and serious portent, some believe that either should not be undertaken without 
preliminary substantiation by biopsy whenever possible; this requires esophagoscopy. 

In the preface where credit is given to several basic sources, this reviewer detects mate- 
rial drawn from the late Sidney Portis’ classic, “Diseases of the Digestive System”; this 
book was not mentioned. It is respectfully suggested that this volume in subsequent edi- 
tions can be enhanced greatly by the parenthetical notation of the names of important 
workers in the body of the text and the addition of several key references at the end of 
each chapter without materially increasing the size of the book. 

All in all, this is a first-rate synopsis and it is unqualifiedly recommended to those who 
desire a gastroenterologic panorama in short order. 

MosEs PAULSON 
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STUDIES ON DISTRIBUTION AND DISAPPEARANCE OF PYRI 
DINE-2-ALDOXIME METHIODIDE (PAM) AND OF DIACETYL 
MONOXIME (DAM) IN MAN AND IN EXPERIMENTAL ANIMALS'! 


B. V. JAGGER? G. N. STAGG, NATALIE GREEN anv LOUISE JAGER 


The Department of Medicine, University of Utah College of Medicine, Salt Lake City, Utah 
Received for publication January 20, 1958 


While investigating the toxicity of diacetyl monoxime (DAM) and of pyri- 
dine-2-aldoxime methiodide (PAM) in human beings, it seemed worthwhile 
to examine certain aspects relating to the distribution, destruction and elimina- 
tion of these substances. The observations of Dultz and coworkers (1) gave 
useful information regarding the disappearance of DAM in the dog and in 
the rat. The present report offers confirmation of certain of their studies of 
DAM and supplements their animal findings with experiments in man. In 
addition, studies in man and in animals (rats, rabbits and dogs) regarding 
PAM distribution and elimination are considered. It will be shown that PAM, 
unlike DAM, is removed primarily by renal excretion. 


PAM and DAM levels in whole blood, serum, urine, spinal fluid and in rabbit tissues 
were estimated by a modification of the procedure of Blom (2, 3, 4). The spectrophotometric 
measurements were made with a cuvette 14 mm. in diameter for DAM and with a cuvette 
22 mm. in diameter for PAM. In order to circumvent any possible effect of temperature 
upon the distribution of these drugs between plasma or serum and red blood cells, the sam- 
ples were maintained at 37°C. in a water bath prior to removal of protein by precipitation 
with trichloracetic acid (1). Endogenous creatinine clearance tests, in subjects with inlying 
urethral catheters, were obtained while DAM and PAM were being administered intra- 
venously at a constant rate with an infusion pump. Urine samples from subjects receiving 
PAM were examined chromatographically by the method of Kondritzer and Shriftman (5). 

Both control rats (the kidneys were exposed surgically but not removed) and nephrec 
tomized rats, after a 30 minute postoperative recovery period, received 50 mg. per kg. of 
PAM intravenously over two minutes. Levels of PAM were obtained on whole blood sam- 
ples of individual animals that were exsanguinated 30, 60 or 90 minutes later. The PAM 
levels in dogs infused with this drug at a constant rate were compared in the same animals 
before and after nephrectomy. Into two rabbits, each weighing 4 kg. 10 mg., of PAM per kg. 
were injected intravenously over two minutes, and then for 60 minutes an additional 40 
mg. per kg. were administered into the vein. Ten minutes after termination of the injection, 
the animals were killed with air emboli. The organs were removed rapidly, weighed, and 
after mixing with an equal weight of saline, they were homogenized in a Waring blendor for 
three minutes. The protein-free filtrates of these homogenates were examined for PAM con 
tent. 


Homogenized rat livers were incubated in 0.005 M. phosphate buffer for three hours in 


' This work was supported in part by a contract with the Army Chemical Warfare Lab- 
tories. 
* Former Assistant Resident in Medicine at the Johns Hopkins Hospital 1942-1943. 
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Warburg flasks with PAM or DAM in a final concentration of 5 mg. per 100 ml. Both aero- 
bic (100 per cent oxygen) and anaerobic (100 per cent nitrogen) runs were made at a tem- 
perature of 37°C. 


OBSERVATIONS 
Disappearance of DAM and of PAM from the Serum of Human Subjects 
Five normal subjects received DAM intravenously over two to four minutes 
in a dose of 15 mg. per kg. Another five persons received PAM in an equal 
amount. In addition, the same dose of PAM was given to one patient with 
severe azotemia (blood urea nitrogen 165 mg. per 100 ml. of plasma) but with- 
out evident heart failure. The serum levels of these drugs were measured at 
intervals in the period of one-half to three hours after completion of the in- 
jection of drug. The disappearance of PAM and of DAM from the serum ap- 
proximated a first order reaction. The serum levels and the calculated line for 
disappearance of the drugs are depicted in Figure 1 and Figure 2. It is assumed 
that complete mixing occurred in vivo within 30 minutes after injecting the 
drug. In the case of DAM, the equation for the line of disappearance of drug 


is as follows: log concentration = —0.0007 t + log 1.974. The calculated half 
life for the drug in the serum is 7.2 hours. For PAM, this equation was found: 
log concentration = —0.056 t + log 2.307. The half life is calculated to be 


0.9 hours. In both equations, t is expressed in minutes. Inspection of Figure 2 
reveals that PAM levels of the serum scarcely declined during the three hours 
after its administration to a patient with chronic nephritis. 

With the extrapolation to 0 time for DAM, the concentration of DAM 
would be 1.97 mg. per 100 ml. of serum (Figure 1) while that of PAM obtained 
in the same manner would be 2.31 mg. per 100 ml. (Figure 2). If one assumes 
the situation of a 70 kg. person with an estimated plasma volume of three 
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Fic. 1. Disappearance of DAM from serum of five normal persons who received this 
drug in a dose of 15 mg. per kg. 
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Fic. 2. Disappearance of PAM from serum of five normal persons who received this 
drug in a dose of 15 mg. per kg. The dotted line describes the serum level for a subject with 
chronic nephritis and azotemia. 


liters, the following situation might obtain. The circulating amount of DAM 
in the plasma or serum would be 60 mg. and of PAM would be 69 mg. In 
both instances, the amount of drug administered was: 70(kg.) X 15 (mg. per 
kg.) = 1,050 mg. The DAM and PAM outside the plasma or serum would be 
approximately 1000 mg. in a 70 kg. person. Thus, the DAM and PAM should 
be dispersed widely in the total body water if the concentration of drug in 
tissue or body fluid is no greater than in the serum. 


Amount of PAM and of DAM in the Urine of Human Subjects 


Fractional urine specimens were examined in two patients to whom DAM 
was administered intravenously and in three patients receiving PAM by the 
same route. The results are presented in Table I. The amount of DAM appear- 
ing in the urine over six hours after injection was less than 10 per cent of the 
total amount given. However, in the case of PAM, 72 to 86 per cent of the 
drug (or at least of a component giving the Blom reaction) was recovered 
within six hours and most of this appeared within the first 30 minutes. Chro- 
matographic studies on the initial urine specimens (0 to 30 minutes after drug 
administration) indicate that the substance appearing in the urine is not PAM 
but an altered derivative. The major substance no longer stains with platinum 
chloride as does PAM but does stain with palladium chloride as does pyridine- 
2-aldehyde methiodide (5). However, the urine component has a different Rf 
than does this aldehyde. Hence, it probably is an aldehyde but perhaps one 
without the methiodide component. In any event, the rapid appearance of a 
large amount of PAM-like substance in the urine promptly after its intra- 
venous injection is consistent with the rapid disappearance of PAM from the 
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TABLE I 


Quantity of DAM and PAM Recovered in Fractional Urine S pecimens Following Drug 
Administration 





Time of Urine Collection in 












































: | er | Total ity of Drug P 
Subject | Dose Mg./Kg. | Minutes ay Drug | . cay ALY J — 
D. T. DAM 15 mg./kg. 0-30 0.8 

-60 1.4 
-120 9.5 
-240 30.0 
-660 2.3 
44 mg excreted in 6 hours of 990 mg. injected 
j.c. DAM 20 mg./kg. | 0-30 15.6 
-60 25.4 
-120 41.4 
-180 19.7 
—240 17.2 
~480 44.0 
| -1380 97.0 
Approximately 141 mg. excreted in 6 hours of 1540 mg. injected 
R. P. 2-PAM 20 mg./kg. | 0-30 | 451 
-60 304 
-120 | 141 
-240 133 
| -360 | 72 
1101 mg. excreted in 6 hours of 1280 mg. injected 
B. M. 2-PAM 20 mg./kg. 0-30 528 
-60 176 
-120 158 
-180 127 
-240 91 
—480 103 
-720 34 
Approximately 1132 mg. excreted in 6 hours of 1400 mg. injected 
| | 
L. R. | 2-PAM 20 mg./kg. | 0-30 | 510 
-60 | 148 
-120 138 
| | ~180 96 
| | -240 46 





932 mg. excreted in 4 hours of 1300 injected 
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serum. The DAM is slowly excreted in the urine and only a small amount of 
that injected is recovered from the urine. 


Manner of Renal Excretion of PAM and DAM 


Two normal subjects were primed over one hour with an oral intake of 1,500 
ml. of water. Then, one subject received 10 mg. per kg. of DAM over two min- 
utes while the other received an equal amount of PAM per kg. over the same 
time. Immediately thereafter, each person received an infusion of the proper 
drug in a dose of 20 mg. per kg. over 43 minutes. Samples for serum levels of 
PAM and DAM were obtained 15 and 43 minutes after beginning the infusion. 
Urine specimens were collected for the 43 minute period of drug administra- 
tion. The amount of endogenous creatinine was ascertained in the serum and 
in the urine specimen so as to provide a rough approximation of glomerular 
filtration rate. The arithmetic mean of the two values for serum content of 
PAM and also of the two values for DAM, together with the urine volumes 
and urine concentrations of these substances, were utilized to estimate the 
clearance rates for the two drugs. The subject receiving DAM had a creatinine 
clearance of 169 ml. per minute, while the clearance for DAM was only 10 ml. 
per minute. In the PAM experiment, the creatinine clearance was 104 ml. per 
minute, and the PAM clearance was 270 ml. per minute. 


DAM and PAM and the Blood-Cerebrospinal Fluid Barrier 


One elderly patient who had a mild hemiplegia and a spinal fluid protein of 
30 mg. per 100 ml. was infused continuously by the intravenous route for two 
and one-half hours with DAM after receiving an initial dose of 10 mg. per kg. 
over several minutes. The total amount injected was 40 mg. per kg. for the 
entire period. During this time, 5 per cent glucose in water (total of 150 grams 
of glucose) was injected intravenously into the opposite arm. Five ml. of spinal 
fluid were obtained 60 minutes and again at 150 minutes after beginning medi- 
cation. Values for the concentration of DAM in the serum and in the spinal 
fluid are listed in Table II. It will be noted that the “‘blood-cerebrospinal fluid 
barrier” seems to be relatively permeable to DAM. 

A 36 year old epileptic male without localizing neurologic symptoms and 
with a normal spinal fluid was given 10 mg. per kg. of PAM intravenously over 
two minutes. During the next 70 minutes, he received an additional 34 mg. 
per kg. at a constant rate. Over the same period, 180 grams of glucose were 
given through another vein. After 70 minutes and at a time when the infusions 
were being maintained, 5 ml. of spinal fluid were obtained. As will be seen in 
Table II, no PAM could be demonstrated in the spinal fluid. 


Distribution of PAM and DAM between Red Cells and Serum 


Heavy suspensions of fresh washed red blood cells (human) and serum were 
dialyzed with vigorous stirring against a large volume of DAM and of PAM 
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TABLE II 
Serum and Spinal Fluid Levels of Glucose and of DAM and PAM During Continuous Infusion 


l l 
i. . | 
Time after Infusion | Serum Glucose* | Spinal Fluid Glucose*| Serum DAM* | Spinal Fluid DAM* 








Infusion with DAM f 














0 77 
60 | 201 68 1.0 0.7 
105 1.3 
150 | 204 | 83 2.7 | 1.8 
Infusion with PAM f 
Serum PAM * Spinal Fluid PAM * 
0 109 
60 310 78 | 2.8 0 














* Concentrations expressed as mg. per 100 ml. 
t This subject received 40 mg. per kg. of DAM and 150 grams of glucose. 
t This subject received 44 mg. per kg. of PAM and 180 grams of glucose. 


in a concentration of 4 mg. per 100 ml. The stirring continued for four hours. 
The DAM and PAM were dissolved in 0.85 per cent sodium chloride to which 
was added a phosphate buffer (final concentration 0.005 M.) at pH 7.4. The 
temperature varied from 34° to 36° C. for each bath. No PAM or DAM en- 
tered the red cells in a four hour period. No appreciable binding of DAM or 
of PAM to human serum protein was observed. In both persons and in dogs, 
a number of estimations of PAM levels were run on whole blood samples and 
on serum obtained at the same time after drug administration. The volume 
of packed red cells of the whole blood was determined. It would appear that 
in both the dog and in man, no PAM enters the erythrocytes. The DAM con- 
tent of the human red blood cell, on an average, was 60 per cent of that of 


serum as judged from eight simultaneous measurements on serum and whole 
blood. 


PAM Infusion into Dogs 


Two dogs, anesthetized with pentobarbital, received a priming dose of PAM 
of 10 mg. per kg. intravenously over two minutes and then an infusion at the 
rate of 0.5 mg. of drug per kg. per minute into the femoral vein. After a con- 
trol period, the renal pedicles of the animals were ligated while drug adminis- 
tration was being continued. A marked increase in PAM level was observed 
after exclusion of the kidneys from the circulation (Table III). One of these 
animals died 35 minutes after surgery and the second died 70 minutes after 
operation. The serum levels of PAM in these two animals shortly before death 
were 13.0 and 13.7 mg. per 100 ml., respectively. It is presumed that death in 
these animals was related to toxicity to PAM rather than to surgical inter- 
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TABLE III 
Serum Levels of PAM During Infusion into Dogs (0.5 mg. per kg. per minute) 





Animal | Time after Infusion begun (Hours) Serum Level (mg. per 100 ml.) 





Effect of Ligation of Renal Pedicles 














1 Mg 2.1 
1% | 5.0 

(Renal pedicles ligated) 
2 13.0 

| 

2 1 5.0 
ils 5.2 
2 5.1 
2% 4.1 
3 4.0 

(Renal pedicles ligated) 
3% 10.5 
5 13.7 

TABLE IV 


Concentration of PAM in Rabbit Serum and Rabbit Tissues after Slow Administration in a Dose 
of 50 Mg. per Kg. 





Concentration* 








Tissue 

| Animal # 1 Animal # 2 
Serum t.3 0.7 
Spleen 2.0 1.5 
Liver 2.9 1.3 
Kidney 10.3 4.5 
Brain | 0.6 0.1f 





* Concentration expressed as mg. of PAM per 100 ml. of serum or per 100 gm. (wet weight) of 
tissue. 
t Less than 0.6 mg. PAM cannot be measured accurately with the technic employed for tissues. 


vention. It is likely that serum concentrations of PAM above 12 mg. per 100 
ml. constitute critical levels. This is supported by the observations of a third 
dog who was being infused with PAM intravenously at a rate of 1 mg. per kg. 
per minute. The level of PAM in the serum was 11.3 mg. per 100 ml. approxi- 
mately 10 minutes before the death of this animal which had been subjected 
to no surgical procedure. 


Distribution of PAM in Rabbit Tissues 


In Table IV, the PAM concentrations of certain organs of two rabbits are 
shown. These animals had received a total of 50 mg. per kg. of PAM over 60 
minutes and were sacrificed 10 minutes after completion of the intravenous 
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injection. It will be noted that the greatest concentration of PAM was in the 
kidney while the least amount was in the brain. 


PAM Infusion into Control and Nephrectomized Rats 


These rats, which varied from 300 to 400 gms. in weight, were anesthetized 
with pentobarbital. The PAM levels in the blood of nephrectomized animals 
were much slower to decline than the levels in control animals in which the 
kidneys had been exposed but not resected. The results in individual rats are 
plotted in Figure 3 as a single line for regression of whole blood levels. The 
equation of the line for the control animals was as follows: log concentration = 
—0.012 t + log 3.069, with a half life of 25 minutes; while that of the nephrec- 
tomized animals was thus expressed: log concentration = —0.0036 t + log 
3.936, with a half life of 84 minutes. It is evident that the removal of the 
kidneys interfered with the elimination of PAM from the blood. 


Incubation of PAM and DAM with Rat Liver Mince 


The methods used here were those suggested by Dultz and coworkers (1) 
who investigated DAM metabolism in this fashion. Both PAM and DAM 
(final concentration 5 mg. per 100 ml.) were incubated aerobically and ana- 
erobically with rat liver homogenate in Warburg flasks at 37° C. After three 
hours, DAM and PAM levels were ascertained on the protein-free filtrate by 
the Blom method (2). Aerobic incubation of both drugs with liver resulted in 
their complete disappearance, whereas anaerobic incubation left the amounts 
unchanged from values prior to incubation. 
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Fic. 3. Rats were given PAM intravenously over two minutes in a dose of 50 mg. per kg. 
The concentric circles signify identical values in different rats. It is evident that the serum 
levels decline more slowly in nephrectomized rats than in control animals. 
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DISCUSSION 


Extrapolation to zero time of the disappearance curves of DAM and of 
PAM from the serum of normal subjects suggests that these substances must 
be widely distributed in total body fluid since only a small amount of the total 
quantity injected is present (by extrapolation) in the serum or plasma. Ac- 
tually, Dultz and coworkers (1) found, in the rat, that the ratio of DAM in 
various tissues to its content in the blood varies from 0.19 to 1.05. In the two 
rabbits given PAM in this study, the drug was observed to be well-dispersed 
except in the brain. Actually, at the time of death, both the kidney and the 
liver contained PAM in greater concentrations than was present in the serum. 

The finding that DAM readily enters the spinal fluid of man is of interest 
and possibly may be related to the observation that DAM in large doses pro- 
duces coma in man (6). Kewitz and Nachmansohn (7) observed in vivo reacti- 
vation of certain tissue cholinesterases of animals that had been exposed to 
organic phosphorus substances and were then treated with PAM. However, 
no reactivation of brain cholinesterase was produced by PAM (8). It seemed 
probable to these investigators that PAM only slowly penetrates the blood- 
brain barrier. The observation of a single individual in our study suggests that 
PAM does not quickly enter the cerebrospinal fluid in appreciable amounts 
as contrasted with DAM, which is found in the spinal fluid within an hour 
after the drug is administered intravenously (Table II). The low concentra- 
tion of PAM in the brains of two rabbits infused with PAM also may be re- 
garded as evidence that PAM does not readily enter the central nervous sys- 
tem. 

The mean half life for survival of DAM in the serum in man was found to 
be 430 minutes, a figure somewhat longer than the 270 minutes found for 
dogs (1). The work of Dultz and associates (1) provides convincing evidence 
that, in the dog and in the rat, the liver is of major importance in causing the 
disappearance of DAM while the renal excretion is relatively insignificant. 
Thus, these observers found the DAM clearance of dogs to be approximately 
10 per cent of the inulin clearance. Their studies included examination of 
hepatectomized rats in which DAM levels scarcely declined as opposed to the 
decrease in the concentration of this drug from the serum of intact rats. More- 
over, they showed that incubation of DAM with liver slices im viiro in the 
presence of oxygen leads to its disappearance. 

The mechanism of disappearance of PAM from the serum apparently has 
not been studied heretofore. The present observations provide evidence that 
the kidney is the major organ responsible for the elimination of this drug from 
the serum. The recovery of large amounts of altered PAM in the urine speci- 
mens obtained during the first half hour after this drug has been administered, 
is consistent with the rapid decline of serum levels. In a single patient with 
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nephritis, the disappearance of PAM from serum was greatly slowed. Studies 
in nephrectomized rats and dogs also provide evidence of the role of the kid- 
neys in removal of PAM. The renal mechanism, while paramount, is not the 
only factor responsible for removal of PAM from the circulation. It was ob- 
served that the PAM decreased from the serum of nephrectomized rats, albeit 
more slowly than from the serum of normal rats. Further, the addition of 
PAM to liver slices in vitro in the presence of oxygen leads to its disappearance. 

The observation that PAM disappears from the body rapidly as contrasted 
with DAM may have significance in regards the use of PAM as a therapeutic 
agent for organic phosphorus anticholinesterase poisons. In treatment of per- 
sons with intact renal function, it may be preferable to readminister PAM one 
or two hours after the initial injection in order to maintain effective tissue 
concentrations. 


SUMMARY 


The half life for DAM in the serum of man after its intravenous administra- 
tion in a dose of 15 mg. per kg. is 7.2 hours, while that for PAM in the same 
dosage (15 mg. per kg.) is 0.9 hours. 

In man, relatively little of the DAM injected can be recovered in the urine, 
whereas most of the PAM quickly passes into the urine. 

DAM is found in the cerebrospinal fluid within an hour after the drug has 
been injected. However, no PAM was detected in the spinal fluid 70 minutes 
after its administration into a vein. 

In nephrectomized dogs and rats, PAM disappears much more slowly from 
the blood than in intact animals. 

In viiro, PAM as well as DAM are metabolized aerobically by rat liver 
mince. 
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The association of the birth of infants of excessive size with the presence 
of recognized diabetes mellitus in the mother is a familiar one. Allen (1) sug- 
gested that the birth of a large infant may herald the subsequent development 
of clinically apparent diabetes in the mother. The birth of large infants has 
been further studied by many others (2, 3) and has served as an indication for 
special studies for the presence of mild diabetes. Thus, Kritzer (4) performed 
glucose tolerance tests on 52 women an average of two and one-half years after 
termination of a pregnancy which had produced an infant weighing 10 pounds 
or more; the urine of these subjects contained no sugar at the time of delivery 
and they had not then been diagnosed as suffering from diabetes. The subse- 
quent tolerance test was interpreted as manifesting impaired ability to metab- 
olize glucose in 18, or 31 per cent. 

In order to advise women giving birth to large babies concerning maintenance 
of their health, it seems appropriate to identify, as soon as practicable, those 
who can be demonstrated to manifest an impairment of glucose metabolism. 
The problem is complicated by the quite frequent occurrence of impaired car- 
bohydrate tolerance during a pregnancy (5), the significance of which is de- 
bated (6). For this reason we have performed glucose tolerance tests on the 
mothers of large infants as many weeks after the delivery as was compatible 
with the procedure of examination currently followed in the Obstetrical Clinic 
of the Johns Hopkins Hospital. The tests were performed at, or a few weeks 
after, the time of the final examination of the subjects in the Clinic, approx- 
imately six weeks after delivery. 


PLAN OF STUDY 


Glucose tolerance tests were performed on mothers of infants which were 
delivered at the Johns Hopkins Hospital during the period November, 1954 
through May, 1957, and which weighed 4000 gm. or more at birth. Tests were 
carried out in association with 55 pregnancies in 55 different subjects, 29 of 
which were Negro and 26 white. None of the mothers included in the present 
series had been recognized as manifesting diabetes mellitus before the birth of 
the infant in question. With a single exception, all of the mothers had submitted 


1 Dr. Haslup and Dr. Nugent held fellowships in the Private Out-Patient Service dur- 
ing the conduct of this investigation. 


235 


236 FUTCHER, HASLUP AND NUGENT 


a specimen of urine for examination for sugar during the prenatal study; with 
two exceptions, all the women also submitted urine specimens during hospi- 
talization for delivery of their infant. None of these specimens caused reduction 
of Benedict’s solution to a degree greater than 1+-, on a basis of 1+ to 4+, 
with the exception of one prenatal and one hospital specimen from separate 
patients which produced a 2+ reduction; the great majority caused no re- 
duction at all. All the mothers were patients on the public ward obstetrical serv- 
ice. All 55 of the infants produced by the subjects of our study were living at 
birth. 

During the period covered by the study, glucose tolerance tests were per- 
formed only on approximately one-fifth of the women on the ward obstetrical 
service whose infants weighed 4000 grams or more. The rest were not tested, due 
both to the hospital staff’s lack of familiarity with the goals of this study and to 
failure of some subjects to keep their appointments. We are aware of no in- 
fluences bearing on selection of our subjects other than these two. 

The glucose tolerance tests were performed in the obstetrical out-patient 
clinic, usually during or soon after the routine puerperal examination conducted 
on all ward obstetrical patients approximately six weeks after delivery. The 
shortest interval between delivery and performance of the test was 28 days and 
the longest 99; in association with 43 of the 55 pregnancies, the interval was 
between 42 and 70 days. The median of the intervals between delivery and per- 
formance of the glucose tolerance test was 52 days. The subjects were ambu- 
latory. No effort was made to influence the carbohydrate content of the diet 
during the week preceding the test. None of the subjects were receiving in- 
jections of insulin. After an overnight fast, the subjects ingested 100 grams of 
glucose dissolved in 700 ml. of water. On only an occasional subject was a phys- 
ical examination performed during the test. Venous blood was obtained for 
analysis before the ingestion of the glucose, and one-half, one, two, and three 
hours afterwards; urine specimens were obtained at the time of each vena- 
puncture. The blood glucose was determined in the Hospital’s Clinical Chem- 
istry Laboratory employing the Folin-Wu copper reagent after tungstic acid 
precipitation, according to the procedure ultimately described by Folin (7). 
Urinary glucose was measured by Benedict’s qualitative method. 


RESULTS 


The fasting blood sugar level was below 120 mgm. per cent during 54 of the 
55 tolerance tests, as it had also been determined to be in 39 of the 41 subjects 
in whom the fasting blood sugar had been measured during the first week post- 
partum. 

Of the 55 tests, four were interpreted as abnormal, since in each of these four 
tests the venous blood sugar level exceeded 140 mgm. per cent (8, 9) two hours 
after ingestion of the glucose (Table I). The abnormality was minimal in one of 








Sub 
Nu 





the 
cts 
st- 


our 
urs 











GLUCOSE TOLERANCE OF MOTHERS OF LARGE INFANTS 237 


TABLE I 
Subjects Manifesting Abnormal Glucose Tolerance Tests 












































| | | Glucose Tolerance Test 
Subject | Post _., | Birth Bleed 
Mamber Race Age Weight Height — Day A ) sugar 
. Half On T Th 
pertum Fasting | hour | bene house houses 
years pounds | inches | gms. |mgm. To|mgm. %|mem. %\mgm. Yo\mgm. % 
22 Negro | 24 160 | 65 | 4475 | 49 | 88 | 168| 158] 158} 104 
31 Negro 29 142 61 6550 39 104 | 178 208 200 117 
| 63 | 108 | 147| 142] 117] 100 

34 White 32 175 | 62 | 4360 55 117 | 214 234 208 158 
38 Negro 35 215 66 | 4375 47 108 | 175 196 | 190 132 








the four, Subject 22. Subject 38 was the only one of the four subjects excreting 
reducing substance in the urine during the test. Another member of the family 
of Subjects 31 and 34 suffered from diabetes. There is no record that any of the 
four subjects were ill immediately preceding the test. The urines of all four 
patients were free of sugar when examined in both the prenatal and delivery 
urinalysis, with the possible exception of that of Subject 22 which produced a 
1+ reduction the day after the birth of her infant. The fasting blood sugar 
was determined one or two days after delivery in Subjects 22, 34, and 38 and 
was found to be 74, 88, and 96 mgm. per cent. 

In all the remaining 51 “normal” tests the two hour blood sugar level was 
below 140 mgm. per cent; it exceeded 119 mgm. per cent in only eight instances. 
In these 51 “normal’’ tests, the one hour sugar level exceeded 139 mgm. per 
cent in only three tests, the highest recorded one hour level being 167 mgm. 
The fasting level exceeded 99 mgm. per cent in only nine. 

Two tolerance studies were performed on Subject 31, the first, 39, and the 
the second, 63 days after delivery (Table I). The impairment of glucose metab- 
olism reflected in the first study was no longer apparent in the second. The same 
improvement with the passage of time following delivery has been reported by 
others who have conducted glucose tolerance tests on the mothers of large in- 
fants (10, 11). 

The weights of the subjects determined several weeks post-partum were com- 
pared with the median of the “desirable” weight range for subjects of medium 
frame as presented in the October, 1951, height-weight tables of the Metro- 
politan Life Insurance Company. The findings are presented in Table II. It 
will be seen that, after 37 of the 52 pregnancies on which information on ma- 
ternal weight is available, the mother was 20 or more pounds overweight. An 
association of maternal obesity and unusually heavy infants has been reported 
before (12). All four of the women manifesting an abnormal glucose tolerance 
test were 24 pounds or more overweight. 
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TABLE II 
Correlation of Maternal and Infant Weights, Glucose Tolerance Test, and Race in 52 
Pregnancies in 27 Negro and 25 White Women 




















| Weight of Newborn 
Number Pounds Overweight Race | Number subjects 
4000-4499 gms. | 4500-4999 gms. = - 
Less than 10 White 5 1 
Negro 4 
10-19 White 4 
Negro 1 
20-29 White 4 1 
Negro 5)" 1 (1) 
More than 29 White 10 (1) 
Negro | 11 (1) | 5 











* Figures in parentheses indicate number of women in group manifesting an abnormal glucose 
tolerance test. 


From the small group of subjects available for study, we can draw no strik- 
ing correlation between the observation of an abnormal glucose tolerance test 
and the number of previous pregnancies, the number of large infants delivered 
in previous pregnancies, or the age or race of the subject. In the instance of 
three of the four abnormal tests, the interval between delivery and the per- 
formance of the glucose tolerance test was shorter than the median interval for 
the whole group of 55 tests, which was 52 days. 


COMMENT 


The performance of glucose tolerance tests on 55 mothers of infants weighing 
4000 gms. or more revealed an elevated blood sugar curve in four, or 7 per cent, 
of the group several weeks after delivery. Review of our data indicates that 
the incidence of abnormal curves would have been increased to four in a total 
group of 27, or 15 per cent, had we studied only mothers of infants weighing 
4300 gms. or more. Previously, Kriss, with one of us (13), calculated that a 
prediction that the mother of a baby weighing 4500 grams or more will de- 
velop diabetes will be correct 18 times out of 100; our 15 per cent figure just 
referred to agrees quite well with this previous calculation. 

Kritzer (4) reported that 31 per cent of the mothers of large infants mani- 
fested impairment of glucose metabolism when examined after the pregnancy. 
It is possible that his figure of 31 per cent exceeds ours due partly to his se- 
lection of women bearing babies weighing 10 lbs. (approximately 4500 gms.) 
or more, partly to a progression of metabolic disorder during the two and one- 
half year average interval before his tolerance tests were performed. 

It seems likely that more of our women manifesting “abnormal’’ glucose tol- 
erance tests post-partum will some day develop frank diabetes than will those 
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also producing heavy infants but found to have normal tolerance tests. Hence, 
this “abnormal” group merits special attention as regards future examinations 
and preventive measures such as reduction of excess weight. It must be empha- 
sized, however, that only actual observation of the “abnormal” group will 
demonstrate whether it actually does include a higher proportion of subjects 
who will eventually suffer from full-blown diabetes than does the normal group. 
The return to normal of the glucose tolerance test of Subject 31 between the 
fifth and ninth week post-partum highlights the difficulty in evaluating the 
significance of these “abnormal” tests. 

Our data do not permit us to recommend a specific infant birth weight which 
may be regarded as a strong indication for the performance of a glucose tol- 
erance test upon a mother. Previous studies suggest that Negro infants weigh 
less than white infants (3); hence, the finger of diabetic suspicion may point 
more directly at the Negro mother of a heavy infant than at a white mother of 
an infant of the same weight. Factors in addition to the weight of an infant, 
such as the availability of facilities for blood sugar analysis and the results of 
further observation of the “abnormal” group, may be expected to influence 
decisions as to the performance of a tolerance test. 


SUMMARY 


1. Glucose tolerance tests were performed on 55 women 28 to 99 days after 
the delivery of infants weighing 4000 grams or more. 

2. Abnormal tests, characterized by a blood sugar level in excess of 139 mgm. 
per cent two hours after ingestion of glucose, were observed in four, or 7 per 
cent, of the studies. These four subjects represented 15 per cent of the 27 women 
in the group producing infants weighing 4300 grams or more. 

3. Maternal weight was 20 or more pounds in excess of the “desirable’’ fig- 
ure in 37 of the 52 subjects on whom information was available. The four women 
manifesting an abnormality of glucose metabolism were included in this over- 
weight group. 
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The need for certain sterilization of a pump-oxygenator constructed of mate- 
rial which cannot be subjected to heat led to the investigation of ethylene 
oxide. Aqueous zephiran had been used in the first 43 cases. Although there 
was no evidence of detriment to the patient, cultures of the apparatus showed 
sterilization was not always complete, especially of gram-negative organisms. 
Five fatal Pseudomonas infections following zephiran sterilization of a pump 
oxygenator have been reported by Keown, Gilman, and Bailey (1). Formalde- 
hyde was used on 2 occasions, but although sterilization was effective, enthusi- 
asm for this method was lost, along with several layers of the authors’ skin and 
mucous membrane. Use of ethylene oxide, however, has proved simple and 
effective. This report is prompted by numerous requests for information con- 
cerning the method and the required apparatus. 

For much of the information needed in setting up the necessary equipment 
we are indebted to the U. S. Army Chemical Corp, Camp Detrick, Frederick, 
Maryland, where many of the basic characteristics of ethylene oxide steriliza- 
tion have been established (2, 3), and The McCormick Company of Baltimore, 
where ethylene oxide has been used for over 15 years for the sterilization of 
barrels of spices. 

Ethylene oxide is an inflammable, explosive liquid that vaporizes at 10.7°C. 
It is widely used in industry for synthesis of organic compounds. It is not ex- 
plosive when mixed with an inert compound such as carbon dioxide (Carbogen!: 
10 per cent ethylene oxide, 90 per cent carbon dioxide) or Freon (Cryoxcide *: 
11 per cent ethylene oxide, 89 per cent Freon). The toxicity of the chemical is 
slight. No cases of chronic poisoning have been reported, but acute exposure 
to high concentrations may result in burns to the eyes and skin, and nausea 
and vomiting (4). 

The exact mechanism of the lethal action of ethylene oxide on bacteria is 
unknown, but the process is comparatively slow as compared to other methods 
of sterilization. The time required varies with both the gas concentration and 
the temperature; extremes vary from a sterilization time as long as 24 hours 


1 Aided by Grant 1326 from The National Heart Institute. 

2 John and Mary Markle Scholar in Medical Science. 

3 Carbide and Carbon Chemicals Company, 30 E. 42nd Street, New York 17, New York, 
* American Sterilizer Company, Erie, Pennsylvania. 


241 


242 F. C. SPENCER AND H. T. BAHNSON 


— 





Fic. 1. A steam autoclave has been modified for ethylene oxide sterilization. The al- 
terations include a vacuum source and a can-piercing valve on the steam line to the chamber, 
and a valve on the air and condensate exhaust line. 


for a gas concentration of 22 milligrams per liter at 25°C. to a time as short as 
30 minutes with a gas concentration of 884 milligrams per liter at 37°C. (2). 
The gas penetrates objects to a remarkable degree, which adds greatly to its 
efficacy as a sterilizing agent. Examples of this penetrating ability include the 
sterilization of hospital bedding or the killing of bacterial spores placed within 
a closed telephone directory (5). Few substances are altered by ethylene oxide 
although the gas dissolves in plastic tubing, leather and rubber (6). A 4 to 5 
hour exposure to room air may be needed following sterilization in order to let 
residual ethylene oxide escape. The exact degree to which ethylene oxide will 
react with various plastic substances is not known, and should be determined 
with a trial exposure of the plastic material to be sterilized. 

A standard free standing steam autoclave, 50 centimeters in diameter and 
90 centimeters long, was modified for gas sterilization. The main three modifi- 
cations are shown in Figure 1. A valve was placed on the air and condensate 
exhaust line, as the trap on this line is closed by escaping steam during steam 
sterilization and must be closed by the valve if gas sterilization is used. On the 
steam line to the chamber were attached: (1) A vacuum source’, as preliminary 


5 A one half inch steam operated air ejector worked satisfactorily. 
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evacuation of the autoclave helps diffusion of the ethylene oxide and allows 
the same concentration of ethylene oxide to be obtained nearer atmospheric 
pressure; and (2) a can piercing valve® for introducing the gas after air had 
been evacuated. These modifications do not hamper use of the autoclave for 
steam sterilization. 

The pump-oxygenator was sterilized as a completely assembled unit. The 
component parts were not tightly connected, as there is some indication that 
methyl methacrylate under stress is more easily injured by ethylene oxide. 
Tubing was not tied onto fittings as cold flow of the polyvinyl] chloride resulted 
in loosening of connections. They were tied on with wire after sterilization. 
Openings in the oxygenator system were covered with cloth in a manner similar 
to that used for bacterial culture tubes to prevent contamination when removed 
from the sterilizer. The autoclave was evacuated to about one half an atmos- 
phere before the ethylene oxide was admitted; pressure in the autoclave re- 
turned to near atmospheric pressure. One 21 ounce can of Cryoxcide (11 per 
cent ethylene oxide) was used with the 6 cubic foot (178 L) autoclave; this 
amount of ethylene oxide provided a gas concentration over 400 mgm. per 
liter. The autoclave temperature was kept near 25°C. by the air-conditioning 
in the building. Some moisture should be present in the autoclave. 

The shortest sterilization time used was 10 hours. A convenient procedure 
consisted of placing the apparatus in the autoclave in the late afternoon and 
removing it the following morning. Studies with bacterial cultures showed that 
sterilization was not complete at 4 hours but was at 6 hours, thus indicating a 
wide margin of safety with a 10 hour period of sterilization. As sterilization 
time varies with temperature and gas concentration, these factors should be 
noted in comparing different operating conditions. 

A minimum period of 3 to 4 hours was allowed for residual ethylene oxide to 
diffuse from the pump-oxygenator before it was used. The polyvinyl chloride 
tubing became more firm in consistency during this time. No evidence of per- 
sistence of ethylene oxide after this time has been seen. 

Some superficial, irregular crazing of the methyl methacrylate has occurred 
with repeated sterilization. This has been an inconstant occurrence, and its 
cause has not been clearly found. It has been more frequent with heat, excess 
moisture, or high concentration of ethylene oxide, and seems to follow lines of 
stress. 

The pump-oxygenator has been sterilized with ethylene oxide since June, 
1957. Thirty-four patients have been operated upon in this period. Cultures 
of the apparatus and of Bacillus globigii spores placed in the sterilizer as a test 
object, confirmed earlier evidence that complete sterilization can be consist- 

® Both the Madden Tap-A-Can (Madden Corporation, 1543 North Avenue, Chicago, 
Illinois) and the Superior Dual Piercing Valve (Superior Valve and Fitting Co., 1509 W. 


Liberty Street, Pittsburgh 26, Pa.) should be modified to increase the protrusion of the 
piercing point as well as the length of thread on this portion of the valve. 
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ently obtained by this method. One important advantage of this method over 
sterilization with liquids is the fact that the apparatus is dry at the end of 
sterilization and no irrigation is required to remove traces of chemicals. 

Our experiences indicate that ethylene oxide sterilization is satisfactory 
for materials that cannot be steam sterilized. The method may be useful for 
many objects that are now sterilized with chemical agents, such as plastic 
catheters and sharp instruments, or for objects that are difficult to sterilize by 


any method, such as anesthesia and electrical equipment, and instruction 
books. 


SUMMARY 


Complete and consistent sterilization of a pump-oxygenator has been ob- 
tained with ethylene oxide. A standard steam autoclave was modified to permit 
the use of an ethylene oxide-Freon mixture commercially available in dispos- 
able containers. A minimal sterilization time of 10 hours was used with an 
additional 2-4 hours allowed for residual ethylene oxide to diffuse from the 
plastic tubing. The method is simple and effective. 
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It is clear from numerous investigations on the immunologic and histologic 
effects of exposure to foreign protein that the occurrence of antigen-antibody 
interaction (which also apparently involves the fixation of complement) is the 
common denominator of all experiments which have thus far resulted in the 
lesions of “serum sickness.”’ The evidence for the belief that these lesions are 
the direct result of antigen-antibody reaction has been succintly summarized 
by Rich (1). As pointed out by this investigator, “there is lacking only the 
demonstration that the lesions can be promptly produced by the passive 
transfer of antibody in the presence of the antigen.” 

The present study was undertaken with two purposes: (1) to attempt to 
produce the lesions of “serum sickness” in normal animals by the passive trans- 
fer of antibody and (2) to gain information on the im vive combining ratios of 
antigen and antibody associated with the appearance of lesions of hypersensi- 
tivity. Accordingly, rabbits were injected with an amount of antigen which 
ordinarily produces “serum sickness” after a latent period of approximately 1 
week (2). These animals were shortly thereafter infused or injected intra- 
venously with potent homologous antiserum at a rate such that the antigen 
was cleared from the blood within 1 to 4 days. The animals were sacrificed well 
before the time when the injected antigen would have evoked either hypersen- 
sitivity lesions or the formation of appreciable amounts of antibody. In many 
of the animals thus treated, lesions occurred which appeared in every way 
comparable to those seen in straightforward, actively induced “serum sick- 
ness.” 


MATERIALS 


Crystallized albumin (Armour and Co.) was employed as the antigen in every 
experiment. For the production of antiserum, 20 mg. bovine serum albumin 
was incorporated into 1 ml. of Freund’s adjuvant (3) and injected subcutane- 


1 This study was supported by a grant (A-715) from the National Institute of Arthritis 
and Metabolic Diseases, National Institutes of Health, U. S. Public Health Service. 
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ously into rabbits weekly. Sera from rabbits with high antibody titers were 
pooled as indicated below: 


Antiserum (pooled) Weeks of Immunization Antibody content, mg. AbN /ml. 
AbW 10 1.3 
AbY 10 £7 
AbD 7 1.3 
AbF 19 2.1 
AbI 7 1.4 
AbB 14 2.0 


EXPERIMENTAL PROCEDURE 


A. Continuous Infusion of Antibody 


Twenty-seven white male rabbits weighing approximately 2 kg. each were 
given a single injection of 0.5 gm. of bovine albumin contained in 5 ml. of 
saline (pH 7.4) into the marginal ear vein. An additional animal was given 1 
gm. of the same material. Of the total of 28 rabbits, 14 were infused either with 
whole antiserum or with antiserum diluted with saline. The remaining 14 
rabbits (controls) were either not infused at all or infused with normal rabbit 
serum, or with normal rabbit serum diluted half with saline, or with normal 
saline. These control animals served the double purpose of providing blood 
samples for the establishment of the reference curve of antigen clearance in 
the absence of antibody and alsoas a morphologic reference for the appearance 
of lesions. 

The infusion was carried out as follows: Each infusion was given through 
an indwelling ureteral or polyethylene catheter tied into the jugular vein by 
sterile operative procedure under sodium pentobarbital anesthesia, 20 to 23 
hours after the injection of antigen. It was attempted to place the open tip of 
the catheter within the right side of the heart. The proximal ends of the cath- 
eters were attached to 50 ml. syringes held in a machine having a capacity of 
4 syringes and capable of propelling the infusion fluid at selected constant 
rates. Saline infusion was started immediately after the insertion of the cath- 
eter in order to prevent the backflow of blood. Infusion of antiserum was not 
begun until 24 hours after the injection of antigen in order to permit prior 
equilibration of the antigen between the blood and tissue fluids. 

During the infusion, the rabbits were immobilized in individual cages de- 
signed to prevent withdrawal or damage to the catheter. Food and water were 
freely available throughout the period of infusion. The oral fluid intake was 
periodically supplemented by the injection of saline through the catheter via 
a 3-way stopcock. 

Various amounts of antiserum were infused at different rates (Table 1). 
Rates of antibody infusion were roughly predetermined to insure that all pre- 
viously injected antigen would be cleared from the blood within 4 days in order 
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to stay well short of 6 days, the earliest time at which the primary immune 
response might evoke lesions of hypersensitivity (2). Small blood samples for 
qualitative and quantitative determination of antigen levels were taken at the 
beginning of and at various intervals during infusion. Infusion of antiserum 
was continued until the qualitative capillary tube method of antigen determi- 
nation (4) revealed no antigen in the blood. In some animals, infusion of anti- 
serum was continued for several additional hours, whereas in others normal 
saline was substituted. In the latter, traces of antigen reappeared in the blood 
indicating that small amounts of free antigen were still present in the tissues. 

Some animals died during the course of infusion. Blood cultures were done 
on many of the animals at the time of sacrifice or death. After early bacterio- 
logic studies indicated that infection, particularly by coliform organisms, might 
occur during the course of infusion, animals in the later experiments were pro- 
phylactically treated with large doses of penicillin G and dihydrostreptomycin 
before and during infusion. 

Complete autopsies were done on all animals, and tissues were prepared for 
histologic examination in the usual way. Quantitative immunochemical deter- 
minations for serum antigen by the use of a calibrated pooled antiserum (4) were 
performed in 5 control and 6 antiserum-infused animals. 


B. Intermittent Injections of Antibody 


Six white male rabbits were given a single injection of 0.5 gm. of bovine al- 
bumin into the marginal ear vein. Subsequently, these were treated as follows 
(Table I): two animals were injected with antiserum intravenously every 2 
hours, beginning 24 hours after the administration of antigen and continuing 
for 50 hours until the levels of serum antigen became negative; two animals 
were similarly given antiserum every 2 hours, beginning 1 hour after the anti- 
gen injection and continuing for a period of 96 hours; a third set of two animals 
were injected every 2 hours with whole normal rabbit serum for 96 hours. 
These latter served as controls. After sacrifice, all animals were examined his- 
tologically. 

EXPERIMENTAL RESULTS 
A. Pathologic Findings 
1. Continuous Infusion of Antiserum 

Throughout the period of infusion, both control and experimental animals 
looked poorly. Control animals which were not infused appeared alert and took 
food and water well. Some of these had had sham operations. However, they 
were not restricted in the special cages used for infusion. Since all infused ani- 


mals, both experimental and control, were stringently confined, it is probable 
that this condition was in part responsible for the lack of alertness and failure 
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to take much food and water. Toward the end of the infusion period, some of 
the animals appeared sickly. Bacteriologic studies showed that many of these 
had coliform organisms or occasionally staphylococci in their circulating blood. 
Of 15 infused animals, comprising both experimental and control rabbits in 
which terminal blood cultures were made, 8 showed bacteremia. Seven of these 
8 died before the termination of infusion. 

Of the infused animals, both experimental and control, about half developed 
edema and induration of the region of the neck and upper thorax about the 
operative site. Histologically, the neck tissues showed moderate to severe acute 
inflammation with focal hemorrhage and thrombosis of small blood vessels. 
Bacteria were observed within the phlegmon very occasionally. The tip of the 
catheter was usually found either in the right atrium or the right ventricle. 
There was generally an adherent thrombus on the tip of the catheter and oc- 
casionally on the adjacent endocardium. No gross pulmonary emboli were seen. 
However, microscopic pulmonary emboli were extremely frequent. The small 
pulmonary vessels containing thrombi often showed edema or “fibrinoid” 
change with or without endothelial proliferation or acute inflammation. No 
evidence of metastatic suppurative disease was ever seen in the greater circula- 
tion. 

The experimental lesions may be divided into three categories: (1) prolifera- 
tive glomerulitis; (2) acute necrotizing arteritis; (3) granulomatous splenic le- 
sions. These were present only in animals which had received both antigen and 
antiserum. 

Proliferative glomerulitis. Among the animals which were continuously in- 
fused with antiserum, 6 of 14 showed mild to moderate enlargement of the 
glomeruli, with hypertrophy and proliferation of cells of the glomerular loops 
and infiltration by granular leucocytes. In such glomeruli, the capillaries con- 
tained little blood. In 1 animal without and 2 with proliferative glomerular 
changes, occasional fibrin-like plugs were found in the glomerular loops. 

Acute necrotizing arteritis. This lesion, which occurred in 7 of the 14 experi- 
mental animals, was seen either in the stomach, duodenum, or in the peripan- 
creatic tissues. It was characterized by segmental necrosis of the walls of me- 
dium-sized and small arteries. In the most severely affected blood vessels, the 
entire vessel wall appeared necrotic as evidenced by the presence of deeply 
eosinophilic granularity without normal structural detail. Some vessels showed 
only the precipitation of amorphous eosinophilic material either in the adven- 
titia or media without obvious necrosis. Perivascular inflammation character- 
ized by edema and infiltration of granular leucocytes and macrophages was 
inconstant. As a consequence of the most severe vascular lesions, small infarcts 
were produced in the wall of the stomach or duodenum. In the most massive 
areas of infarction, the mucosa had sloughed away, producing an acute, bleed- 
ing ulcer. The topography of the arterial lesions indicated that the vascular 
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changes were primary and the ulcerative lesions secondary. In a single animal, 
one small intramural coronary artery showed a segmental intimal deposit of 
fibrin-like material. 

Splenic lesions. In the spleens of many of the experimental animals, the un- 
differentiated large cells of the perifollicular mantle zone showed numerous 
mitotic figures. In one animal, this same zone showed, in addition, epithelioid 
cell proliferation similar to that commonly observed in active serum sickness(2). 


2. Pathologic Findings in Animals Intermittently Injected with Antiserum 


There was no evidence of infection among these animals either by gross or 
microscopic examination, or by culture. Repeated injections into the ear veins 
of experimental and control animals resulted in venous thrombosis leading to 
microscopic pulmonary emboli. Similar changes were, therefore, seen in small 
pulmonary arteries as were noted among the continuously infused animals. 
However, none of these emboli appeared infective. Of the 4 animals treated 
with antiserum, 3 showed proliferative and inflammatory glomerular lesions 
identical with those seen in the continuously infused group. No glomerular 
capillary thrombi were noted. A mild necrotizing arteritis was present in the 
gastric wall of 1 animal. In another animal, a single small coronary artery 
showed segmental fibrin-like deposit. In a third animal, there was edema of the 
submucosa of the stomach without demonstrable vascular changes. 

All 4 experimental animals showed striking changes in the spleen. There was 
marked proliferation and epithelioid cell differentiation of the mantle zone ot 
the splenic corpuscles. However, even more striking was the presence of nu- 
merous giant cells throughout the red pulp. These cells resembled foreign body 
giant cells, the cytoplasm of which contained homogeneous or granular ampho- 
philic material. 


B. Immunologic Findings 


The results of the quantitative determinations of serum antigen levels in 4 
control animals and in 5 rabbits receiving antiserum at different rates of in- 
fusion are tabulated in Table II and presented diagrammatically in Text-Fig- 
ure 1. At the start of infusion 24 hours after the injection of antigen, antigen 
concentration in the serum varied from 0.450 to 0.570 mg. nitrogen per ml. In 
the animals receiving no infusion or infusion with normal serum, the antigen 
during the experimental period was cleared at a logarithmic rate reflecting 
continuous catabolism of antigen and equilibration between blood and tissue 
fluids. The half-life of antigen clearance, about 4 days, approximates that 
found to be due to catabolism alone (5, 3). 

In the animals receiving antiserum, the antigen levels fell in direct proportion 
to the rate of antibody infusion. In 2 antibody-infused animals (no. 834 and 
no. 830) from which serum samples were obtained after the disappearance of 





TABLE II 


Blood Clearance of Antigen in Normal and in A ntibody-Infused Rabbits 



















































































| Rate of | Mg. Antigen Nitrogen per ml. Serum at Following Hours after the Start of Infusion 
Rab. | _ Antibody nails 
No. | Infusion mg. l l l l | l r 
| ADN per hr. oa | 8 14 | 16 | 22| 24] 32] 36] 38 | 40 | 46] a7 | as | s3| sa | s7| 02 | 6 
| | | u | t 
No infusion or infusion with normal serum 
826 | .s70| .490| | .460| |.) | | | | | 3301 |. 300 | 
825 | 531 | 470} | .440| — |. 390). 350) | .335 .325 .270) 
833 | .450| .430| | .387| |. 350).305 295 | . 260) 
339 | | -570 |. 10 333 .220| |. 200) 
Antibody-infused 
| | 2, © Nl | 
838 1.8 | .570 | .340| }.225) | -100 -045)| .005} 0 
830 2.8 | .540 | .390 | .270 205} 125 -056 } .0022 .020) 
824 3.0 .520 | .390 | .355 |-204}. 105 -032 | 0 0 
834 3.4 .477 | .360 | | .235 |. 140} .048' .0022 .016 
835 4.0 -531 | .330 | .225 106} 03.003 | 
4 Zero time = 24 brs. after injection of antigen. 
§ Antiserum infusion discontinued. 
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HOURS AFTER ANTIGEN INJECTION 


TExtT-FIG. 1. Blood clearance of antigen in normal and antibody-infused animals. Values 
for serum antigen nitrogen are plotted semilogarithmically with respect to time after in- 
jection of antigen. Control animals are represented by solid lines; those receiving antibody 
by broken lines. Antibody infusion was started 24 hours after the injection of 0.5 gm. bovine 
albumin. Rates of antibody infusion are given in the figure in terms of milligrams of anti- 
body nitrogen per hour. 
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TABLE III 
Estimated Combining Ratios of Antibody and Antigen 














Rate of Ab | seo po ameepe| | Total mg. AbN| Total mg. AtN | Ratio Molecular Ratio 
om Te | Previeualy Injected Ps Eietance Bound to Ab? a Ay 
| | 
838 1.8 | 62 11 | 38 2.9 1.3 
830 2 | 47 | 136 | 57 | 2.4 1.1 
824 3.0 48 | 4 | s8 | 25 1.2 
834 3.4 40 | 136 | 59 2.3 1.1 
835 4.0 32 | 126 61 2.1 1.0 











! After infusion of antibody; antibody infusion begun 24 hours after injection of 0.5 gm. (80 
mg. N) crystallized bovine albumin. 

2Derived from stepwise analysis of antigen elimination curve. AtN = antigen ni- 
trogen; ADN = antibody nitrogen. 

3 Assuming molecular weight of bovine albumin = 69,000; that of antibody to be 150,000. 


antigen, small amounts of antigen reappeared at 10 and 13 hours, indicating 
that the antigen in the tissues had not been fully saturated with antibody. As 
shown in Text-Figure 1, the antigen elimination curves of the antibody-infused 
rabbits were entirely comparable to the immune phase of antigen elimination 
in actively sensitized animals (2, 4), and, as previously mentioned, the slopes 
of the curves were proportional to the rate of antibody infusion. 

Since the amount of antigen eliminated by a known amount of infused anti- 
body can be approximately determined, it is possible to estimate the average 
combining ratios of antigen and antibody involved in antigen clearance. The 
amount of antigen immobilized by antibody was calculated by stepwise analy- 
sis of the antigen elimination curve. The decrease of serum antigen between 
every 2 points on the curve was subtracted from the amount of antigen which 
might have been present if the logarithmic catabolic phase of antigen elimina- 
tion had continued in the absence of antibody: from each determined point of 
antigen serum concentration, a line was drawn parallel to the median antigen 
clearance curve of the control animals; differences between this projected serum 
antigen concentration and the actually determined serum antigen value were 
accepted as representing the change in serum antigen concentration attribut- 
able to antibody combination. These decreases in serum antigen concentra- 
tions were summated and multiplied by 160 which represents the total serum 
protein space of a 2 kg. rabbit (4). This figure approximates the total amount 
of antigen in the body combined with antibody. When this figure was compared 
with the amount of antibody infused, the molecular ratio of antibody to anti- 
gen was found to be approximately 1 to 1 (Table III). 


DISCUSSION 


The present data indicate that the necrotizing arterial lesions and the pro- 
liferative glomerular changes of active serum sickness can be produced in ani- 
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mals infused with antibody in the presence of antigen. Since the experiments 
were of short duration, all of the lesions were acute in nature, and in the case 
of arterial lesions an inflammatory reaction was inconstant. It was surprising 
to find that the lesions developed so rapidly. In one animal, well marked lesions 
were present after 25 hours of antibody infusion. 

Although the tabulation indicates the occurrence of epithelioid cell reaction 
in the perifollicular mantle zones of the spleen in only one animal receiving con- 
tinuous infusion of antibody, it should be noted that in most of the spleens of 
this group the mantle zone showed striking mitotic activity among large lymph- 
oid cells which tended toward histiocytic differentiation. It appears unlikely 
that this cellular activity represents the beginning proliferation of antibody 
forming cells, since none of the control animals receiving antigen showed this 
reaction. Furthermore, among those rabbits which received intermittent in- 
jections of antibody, a similar but more marked lesion was seen as evidenced 
by large nodules of well defined epithelioid cells in the mantle zones. In these 
same animals, the spleens showed a further change characterized by the ap- 
pearance of large multinucleated giant cells scattered through the red pulp. The 
cytoplasm of many of these giant cells appeared to contain a granular ampho- 
philic material. Although perifollicular epithelioid cell proliferation has been 
observed in active serum sickness, a giant cell reaction in the red pulp is rare (2). 

Evidence of infection was encountered in the infusion experiments rather 
frequently and was seen as often among the controls as among the experimental 
animals. It is important to consider whether the presence of bacterial infection 
was responsible for the glomerular, arterial, and splenic lesions in the animals 
receiving infusion of antibody. It seems unlikely that these lesions represent 
primary infective alterations. Firstly, no bacteria were found in any of the 
lesions. Secondly, the nature of the lesions did not resemble those of bacterial 
origin such as one might encounter in sepsis. Thirdly, among the numerous 
controls, some of which developed infection and bacteremia, these lesions were 
not found. Fourthly, identical lesions were found in the experimental group 
even when infection was not demonstrable. Finally, similar lesions were found 
among the animals receiving intermittent injections of antiserum where no in- 
fection was evident either histologically or by culture. It seems certain, there- 
fore, that infection was not directly responsible for the production of arterial, 
splenic, and glomerular lesions. 

It is known that antigen-antibody reactions may elicit the Shwartzman re- 
action in animals exposed to endotoxins of gram-negative bacteria (6). The 
renal glomeruli in 3 animals and single sections of the small coronary arteries 
in 2 animals showed slight but definite deposits of fibrin similar to those seen 
in the generalized Shwartzman phenomenon (7, 8). Although it seems possible 
that these minor changes may have been produced by the combined effects of 
antigen-antibody combination and bacteremia, it is unlikely that the Shwartz- 
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man phenomenon was responsible for the major anatomic changes. Firstly, the 
necrotizing arterial lesions in the present experiments exhibited a different dis- 
tribution and were more severe than those observed in the Shwartzman reac- 
tion (8). Secondly, neither the proliferative glomerular changes nor the granu- 
lomatous splenic lesions have ever been described in this condition. It appears 
entirely reasonable to believe, therefore, that the major lesions of the present 
experiments are the result of antigen-antibody reaction, whereas the few 
“Shwartzman-like” lesions found are adventitious. 

It is curious that the necrotizing arteritis in these experiments was limited 
to the stomach, duodenum, and peripancreatic tissues. In active serum sick- 
ness this localization is also encountered, but vascular changes are not restricted 
to this area. The factors responsible for the distribution of allergic arterial 
lesions are poorly understood. In conventional serum sickness following a single 
injection of antigen, necrotizing arteritis is seldom observed in the kidneys, 
whereas, in serum sickness resulting from repeated injections of antigen, the 
kidneys are often the site of extensive vascular damage (9). 

The curves of antigen depletion resulting from antibody infusion appeared 
to replicate the “immune phase” segments of antigen disappearance in experi- 
mental serum sickness. The differences in the several curves can be clearly 
explained by differences in rates of antibody infusion. This is consistent with 
the belief that individual antigen clearance curves in active serum sickness are 
due to varying rates of antibody synthesis (4, 5). 

From calculations on the quantity of antigen immobilized by antibody, the 
intravital complexing of antibody to antigen appeared to take place in approxi- 
mately a 1 to 1 molecular ratio.? According to theory (10, 11), this ratio permits 
the formation of soluble polymers of alternating antibody and antigen. Since 
there was always relative antigen excess, intravascular precipitates were not 
found. In a previous quantitative immunologic study on the relationship be- 
tween antibody response and the development of lesions of active serum sick- 
ness, it was assumed that the im vivo molecular ratio of antibody to antigen 
complexing was the same as the 2 to 1 im vitro ratio at maximum precipitation 
(4). When this in vitro ratio was employed, the amount of antibody involved 
in the production of serum sickness lesions was estimated to be 40 and 24 mg. 
of antibody nitrogen respectively for the bovine albumin and bovine gamma 
globulin systems. The present findings would indicate, however, that only half 
these amounts is required. Because of the technical difficulties of the infusion 


2It should be noted that this is a “mean” combining ratio derived from a summation 
of the reaction process throughout the entire range of antigen elimination. From in vitro 
experience, it is clear that during the early phases of antibody infusion where there exists 
large antigen concentration, the composition of the complexes may be Ab.Ats. As more 
antibody is infused and the antigen is used up, one would suspect that the composition of 
the complexes would approach Ab». At. 
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experiments, no attempt was made to determine the minimum amount of an- 
tibody required for passive serum sickness. 

The mechanism by which antigen-antibody interaction produces tissue le- 
sions is not clear. It is probable that in the present experiments there was 
considerable intravascular soluble complexing of antibody with antigen, since 
the antibody was slowly infused into animals containing antigen in great excess. 
The formation of antigen-antibody complexes has been shown to occur in the 
immune phase of active serum sickness (12). Previous studies from this labora- 
tory have indicated that soluble (antibody) (excess antigen) complexes may 
initiate a variety of tissue reactions in the normal animal including anaphylac- 
tic shock in the guinea pig as well as Arthus-type skin reactions and some of 
the lesions of serum sickness in the rabbit (13, 14). It is, therefore, possible 
that in the present studies the lesions were provoked by antigen-antibody com- 
plexes preformed in the circulation rather than by the actual interaction of 
antigen and antibody in the tissues. Whether the biologic actions of these com- 
plexes is complement-dependent is now being studied. 

In a previous communication from this laboratory, it was postulated that 
the prominent formation of epithelioid and giant cells in the mantle zones of 
the splenic follicles was the result of the interaction of antigen with locally 
formed antibody (2). Since in the present experiments the formation of anti- 
body must have been negligible, this interpretation is probably incorrect. In 
addition to the perifollicular granulomatous splenic reaction, the spleens of the 
animals receiving intermittent injections of antigen showed the presence of 
large numbers of foreign body-type giant cells in the red pulp. This response is 
not ordinarily encountered in active serum sickness and was not observed in the 
present experiments in animals receiving continuous infusion of antibody. With 
intermittent injections of antibody, the ratio of antibody to antigen at the 
moment of injection must be much greater than that occurring under conditions 
of slow infusion of antibody, and it is even possible that during the period of 
injection the antibody may be in excess in the venous blood leaving the site of 
injection. Consequently, there may be periods during which there are high 
concentrations of large antigen-antibody complexes in the general circulation. 
The foreign body giant cell reaction in the splenic pulp of these animals may be 
the morphologic expression of the removal and sequestering of large antigen- 
antibody aggregates by the reticuloendothelial phagocytic cells. 


SUMMARY 


Lesions characteristic of ‘serum sickness” were produced independently of 
the active immune response by continuous or intermittent infusion of antibody 
into normal rabbits in the presence of antigen. The interaction of antibody with 
antigen appeared to occur in a 1:1 molecular ratio. The demonstration that 
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lesions of active serum sickness can be reproduced by the passive transfer of 
antibody substantiates the widely held belief that these lesions are the result 
of antigen-antibody combination. 
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. Germuta, F. G., Jr., Potrack, A. D. anp McKinnon, G. E.: Data to be published. 
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Fic. 1. Rabbit 824, submucosa of stomach, showing marked necrosis of medium-sized 
arteries. There is slight polymorphonuclear leucocytic infiltration in and about the necrotic 
arteries. H. & E. X 75. 





Fic. 2. Rabbit 824, submucosa of stomach with “‘fibrinoid” change and slight inflamma- 
tion in and about 3 small arteries. There is edema of surrounding tissue. H. & E. x 125. 
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Fic. 3. Rabbit 824, serosa of stomach, showing segmental necrosis of medium-sized ar- 


tery. H..& E. xX 125. 





Fic. 4. Kidney of control rabbit showing normal glomeruli. H. & E 
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Fic. 5. Kidney of rabbit 724. Glomeruli show increased cellularity and hypertrophy of 
nuclei and cytoplasm with narrowing of glomerular capillaries. H. & E. « 300. 





Fic. 6. Kidney of rabbit 838. Alterations as in Fig. 5. H. & E. x 300. 
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Fic. 7. Spleen of rabbit 594. Periphery of Malpighian body showing marked epithelioid 
cell formations. H. & E. x 300. 


Fic. 8. Spleen of rabbit 594. Red pulp showing numerous large foreign body type giant 
cells. H. & E. x 200. 
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ABSTRACTS OF PAPERS PRESENTED BEFORE THE MEETING 
OF THE JOHNS HOPKINS MEDICAL SOCIETY 
February 10, 1958 


METABOLIC ALKALOSIS; A SPECIFIC EFFECT 
OF ADRENOCORTICAL HORMONES 


J. L. Gamste, Jr., A. P. GRoLLMAN AND A. GROLLMAN 


Studies were undertaken to evaluate the relative importance of adrenocortical hormones 
and potassium deficiency in the etiology of metabolic alkalosis. Our analyses of reported 
clinical data indicate that alkalosis (CO, greater than 33 mEq./L.) induced by adrenocortical 
activity was usually accompanied by only moderate potassium deficiencies (less than 
6 mEq./Kg.) whereas larger deficiencies (greater than 8 mEq./Kg.) have been reported in 
subjects in which the CO, elevations were minimal (CO, less than 33 mEq/L.). 

With appropriate balance experiments and muscle analyses it was shown that: 

1. Dogs placed on a potassium deficient diet alone for five months did not develop alkalosis. 

2. The administration of DOCA, ACTH, or cortisone to animals on a potassium deficient 
diet evoked metabolic alkalosis which was sustained only as long as the hormones were 
administered. A prompt return to normal occurred despite continued potassium restriction. 

3. Alkalosis induced by chloride withdrawal or by cortisone administration during com- 
plete sodium restriction was not associated with evidence of potassium deficiency. 

The findings have led us to conclude first, that there does not appear to be an obligate 
relationship between extracellular alkalosis and intracellular potassium deficiency; and sec- 
ond, that the adrenocortical hormone, can induce alkalosis quite independently of effects 
upon potassium metabolism. 


HYPERIMMUNIZATION OF MAN: A CLINICAL AND LABORATORY STUDY 
RIcHARD N. PEELER, LEIGHTON E. CLUFF AND ROBERT W. TREVER 


The effect of hyperimmunization of the human subject has been studied in a group of 
99 men employed in laboratories handling many pathogenic bacterial, viral and rickettsial 
agents. The men studied had been immunized prophylactically over a period of 7 to 13 years 
with a variety of antigens, receiving a total of 35 to 75 ml. of material. 

Clinical evaluation of the immunized men revealed no unusual incidence of illness among 
the group. 

Laboratory examinations of the subjects included urinalysis, hemogram, chest x-ray, 
electrocardiogram, studies of hepatic and renal function, and serum electrophoretic analysis. 

Three abnormalities were found in high incidence among these hyperimmunized persons: 
1) lymphocytosis, 2) abnormal liver function tests, and 3) a peculiar aberration of electro- 
phoretic pattern characterized by poor separation of the beta- and alpha-2-globulin fractions. 

Similar abnormalities of electrophoretic pattern have been described in cases of amyloido- 
sis, drug-hypersensitivity, and a series of hyperimmunized human beings reported by Kuhns. 

These abnormalities, plus the large body of evidence on the production of amyloidosis in 
laboratory animals by repeated injection of foreign materials, suggest that hyperimmuniza- 
tion of man might have untoward effects. 
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THE PHARMACOLOGY OF EXPERIMENTAL COMPLETE HEART BLOCK 
SAMUEL BOYER AND ARTHUR CHISHOLM 


Instability of the ventricular pacemaker accompanying complete heart block in humans 
produces Stokes-Adams disease. The fact is well recognized; the phenomenon poorly under- 
stood. The uneven and often untoward pharmacologic responses in this disorder have defied 
specific explanation. Some of the factors involved have been studied in dogs with surgically 
induced chronic complete heart block. 

Qualitative and quantitative differences exist between the response of these dogs and of 
humans to sympathomimetic amines. Levarterenol is a slightly better ventricular chrono- 
tropic agent than l-epinephrine in the dog. In humans with complete heart block Nathanson 
and Miller (1) observed that l-epinephrine was far superior to levarterenol in producing 
increase of ventricular rate. Atrial responses to these drugs, after atropinization, are quali- 
tatively similar in the two species so that one tends to look beyond species differences to 
explain the ventricular effects. If the conduction defect is considered to lie in the upper A-V 
node in the usual case of human acquired complete heart block then the ventricular pace- 
maker will be in the lower node and subject to a balance of sympathetic and vagal forces. 
Slight chronotropic effect of levarterenol could result from predominance of reflex vagal 
activity. Epinephrine, a lesser excitant of baroceptors and vagal reflexes, could produce 
greater direct pacemaker acceleration. The ventricular pacemaker of the “heart block dog” 
cannot lie higher than the bundle of His. Since this tissue is insensitive to vagal activity 
(2) there can only be a direct sympathomimetic drug response. 

The ventricular acceleration produced by intracavally injected l-epinephrine or levar- 
terenol in trained unanesthetized dogs was linearly related to resting rate. High resting rates 
were followed by little or no gain in rate and slow rates by a pronounced acceleration. This 
relationship was particularly constant on any single day. Similar findings have been described 
in humans with complete heart block (3). In contrast, the absolute ventricular rate produced 
by drugs was independent of resting rate and quite fixed for a given drug dosage in each 
animal. This last observation permitted the simultaneous but independent study of the 
effects of hydrogen ion concentration on resting rate and on drug responsiveness. 

Acidosis of respiratory or metabolic origin was accompanied by slowing of resting rate and 
considerable refractoriness to both sympathomimetic amines. Decreased drug responsive- 
ness correlated best with arterial blood pH. In contrast a given blood pH produced by carbon 
dioxide inhalation depressed resting rate far more than did a similar blood pH induced by 
0.6 N hydrochloric acid infusion. The greater permeability of the pacemaker cell membrane 
to carbon dioxide than to hydrogen ions may allow a more acute and greater intracellular 
acidosis following the respiratory disturbance. In any event, the nature of the depression of 
spontaneous pacemaker activity which results should be further studied by transmembrane 
electrode techniques as well as by sodium and potassium ion flux determinations. 

Respiratory and metabolic alkalosis were accompanied by parallel increases in resting 
rate and in drug responsiveness. J viiro isolated auricle studies by Andrus (4) and by 
Vaughan Williams (5) demonstrated a slowing of atrial rate with acidosis but no change 
with alkalosis. We suggest therefore that the increased ventricular rate of the “heart block 
dog” during alkalosis results from heightened sensitivity to endogenous sympathetic control. 

Ectopic beats following sympathomimetic amine injection were observed principally 
during the periods of decreasing alkalosis. These often took the form of brief prefibrillatory 
arrhythmias and in one case fatal ventricular fibrillation ensued. 

It is concluded that acidosis, particularly of respiratory origin, should be promptly recog- 
nized and treated in the patient with complete heart block. When no initial acid-base de- 
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rangement is present, alkalinization is hazardous. Trained, unanesthetized dogs with 
complete heart block provided an excellent preparation for the study of ventricular 
pacemaker pharmacology. The lesion in the common form of acquired complete heart 
block in humans is probably in the upper A-V node. The responses of suitable human 
cases to levarterenol and l-epinephrine before and after atropinization will be used to test 
this hypothesis. 
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BOOK REVIEWS 


(These reviews represent the individual opinions of the reviewers and not 
necessarily those of members of the Editorial Board of this Bulletin) 


Adventures in Medical Education. By G. CANBy Rosrnson. 338 pp., $5.00. Harvard Uni- 
versity Press, Cambridge, Mass. 

This book may be briefly characterized as the autobiography of a medical teacher and 
administrator, but actually it is much more than that. As the sub-title aptly states, it is a 
personal narrative of certain events which formed a part of the great advance in medical 
education which took place in America during the first decades of this century, and in which 
the author himself played an important role. It constitutes, therefore, a significant and 
authoritative contribution to the history of one of the most remarkable developments 
in American education. 

Dr. Robinson is highly qualified to make such a contribution. Graduating from the Johns 
Hopkins University School of Medicine in 1903, he had the opportunity to come under the 
direct influence of the group of inspiring teachers that comprised the first faculty of that 
institution at a time when those individuals were still busily engaged in developing a new 
undertaking in medical education. 

After a sojourn at the Pennsylvania Hospital in Philadelphia as a member of its resident 
staff, and after a brief period of practice in that city, the author had the opportunity in 1910 
to become the first resident physician of the newly established Hospital of the Rockefeller 
Institute for Medical Research in New York City. It was this appointment which turned 
his steps toward a career in academic medicine, and it came at a propitious time for Abraham 
Flexner had just completed his epoch-making survey of American medical schools under the 
auspices of the Carnegie Foundation for the Advancement of Teaching and the young Robin- 
son could not fail to be impressed with the results of that survey which revealed so clearly 
the great need for strengthening the medical schools of the country. It is not surprising, 
therefore, that when, in 1913, he was invited to take a post in the Washington University 
School of Medicine in St. Louis, Missouri, which had just undergone a thorough reorganiza- 
tion, he should accept and enter upon a career in academic medicine. 

At the Washington University School of Medicine his administrative talents were soon 
recognized and he was appointed its Dean, a post which he filled with such success that in 
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1920 he was called to reorganize the School of Medicine of Vanderbilt University in Nashville, 
Tennessee. This undertaking he carried out so successfully that in 1927 he was selected to 
plan and organize a great new medical center in New York City which was to be formed 
through the organic association of the New York Hospital with the Cornell Medical College. 
This new undertaking was carried through by Dr. Robinson to the point where by 1932 the 
buildings for the center were completed and instruction of medical students in the new 
quarters was begun. Thus, within a period of approximately twenty years, the author had 
served in three different medical schools, in one of which a thorough reorganization had been 
completed just prior to his becoming a member of its faculty, while in the other two he had 
himself borne the chief responsibility for planning and putting into effect major reorganiza- 
tion and development. 

The three chapters devoted to the stories of these three medical schools constitute perhaps 
the most important part of the book from the standpoint of its contribution to the history 
of the great advance in American medical education during the first part of the present cen- 
tury, but in order to picture the background against which this development took place 
Dr. Robinson wisely devoted the opening chapter of his book to a brief account of the de- 
velopment of medical education in this country from the colonial period down to the founding 
of The Johns Hopkins University School of Medicine and The Johns Hopkins Hospital in 
the latter part of the nineteenth century. To these two institutions he gives the credit for 
paving the way for the great reform in American medical education which had its beginning 
in the early part of the present century. 

The remaining chapters of the book are more autobiographical in nature and deal with 
the author’s varied experiences after retiring from the post of Director of the New York 
Hospital-Cornell Medical Association in October, 1934. These included a brief sojourn at 
Peiping Union Medical College, a five year study of the Social Aspects of Medicine at The 
Johns Hopkins University School of Medicine and The Johns Hopkins Hospital, the organ- 
ization and direction of the blood donor service supported by the American Red Cross in 
World War II, and finally service as executive secretary of the Maryland Tuberculosis 
Association. 

In the last chapter of the book Dr. Robinson reviews briefly the progress of medical educa- 
tion in America during the past fifty years and then at the end presents his own beliefs as to 
what the objective of medical education should be and the traits of character which the 
physician should possess. This confession of faith forms a fitting end to an admirable medical 
autobiography that has real historical significance, in the judgment of the reviewer. 

The book is very well written, one’s attention does not lag, and the story it tells is one that 
should interest both laymen and medical men alike. The author deserves great commenda- 
tion, in the opinion of this reviewer, for the contribution which he has made to the history 
of medical education through this book. 

ALAN M. CHESNEY 


General Diagnosis and Therapy of Skin Diseases. An Introduction to Dermatology for 
Students and Physicians. By HERMAN WERNER SIEMENS. Translated by Kurt Wiener. 
324 pp., $10.00. The University of Chicago Press, Chicago, Il. 

In writing a textbook the author should be expected to add materially to the existing 
literature, not just in numbers of words, but in presenting a new thought on the subject 
matter or in presenting a worthwhile change of organization. In other words since most 
texts are used to orient the beginning student or as an encyclopedic source of all known 
material pertinent to the subject under consideration, the textbook should consist of a well- 
rounded orientation for the student or should be a fully encyclopedic coverage. Dr. Siemens’ 
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book does not seem to fit in either of these categories. He has elected to write extensively 
about the description of superficial disease. Thus, 185 of the 305 pages of text are concerned 
with the description of the color, the definition, the distribution and shape of the skin lesions 
and of variations of hair and nails. These descriptions are accompanied, in most cases, by 
very excellent illustrative photographs. The diagnostic features are not drawn into a diag- 
nostic picture. 

Subsequent to this presentation, the author devotes only 10 pages to systemic symptoms 
of dermatologic disorders and justifies this very brief presentation by his feelings that, in 
general, systemic symptoms are of small importance to the dermatologist. He stresses, for 
example, that, ... “our motto should be: Always think of it but be reluctant to believe it!”’ in 
deciding whether a skin manifestation might be related to underlying disease. He scarcely 
mentions the important genetic factors in skin disease. 

The last 100 pages of the book are an exposition of the author’s philosophy concerning 
therapy. His formulary is given in a reasonably small amount of space and without reference 
to the well known names of similar compounds which are in frequent use. In this way the 
reader is encouraged to think in terms of ingredients rather than of trade names. The final 
sections on therapy consist of brief treatises on the philosophy of administering treatment, 
physical therapy, minor surgery and evaluation of treatment results. In none of these sec- 
tions has the author allowed himself the space necessary to fully develop these topics. 
Dr. Wiener has provided a very elegant English translation. 

Ernest W. SmitTH 


Comparative Physiology of the Nervous Control of Muscular Contraction. By GRAHAM 
Hoyte. Cambridge Monograms in Experimental Biology (8). 147 pp., $3.00. Cambridge 
University Press, New York, N. Y. 

This monograph is concerned with the mechanism of excitation of muscle cells and the 
manner in which muscular contraction is controlled by the nervous system in various animal 
species. By summarizing the physiological mechanisms common to most classes of animals, 
and many important differences that have been discovered, the author has attempted to 
delineate the evolutionary history of neuromuscular transmission. Since a myoneural appa- 
ratus is present in all phyla except the Protozoa and sponges, there is a wide range of animals 
in which to study the problem, despite many gaps in our knowledge. The first chapter is 
concerned with the comparative anatomy of muscle cells and of their innervation. The next 
three chapters summarize the general principles developed by Katz, Kuffler, Hodgkin, and 
other investigators of the electrical properties of muscle cells and of the ways in which these 
are altered by nervous action. The monograph concludes with a chapter on the comparative 
physiology of neuromuscular transmission and a discussion of the evolution of this process. 
Emphasis is placed on those species which have developed specialized properties of the 
neuromuscular mechanism that should prove useful in investigating the many unsolved 
problems of nerve and muscle function. 

This monograph is written in clear and concise fashion. It will be of interest to those 
engaged in studying or teaching the physiology of neuromuscular transmission. 

Davip Gros 


Clinical Orthopaedics No. 10. Edited by ANtHony F. pEPALMA. 367 pp., $7.50. J. B. Lippin- 
cott Co., Philadelphia, Pa. 
Both volumes nine and ten continue to maintain the excellent quality of previous editions. 
The division of each volume into a rather extensive coverage of a given subject of ortho- 
paedic interest seems to enhance the value of these volumes by giving the reader an up-to- 
date review. In the case of volume nine, the subject of ‘Pathologic Physiology of Metabolic 
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Bone Disorders” is especially noteworthy. The quality of the articles presented is excellent 
and most of the articles contain a rather complete bibliography. Because of the extensive 
nature of this subject, additional articles are also contained in volume ten. The review sub- 
ject for volume ten is “Affections of Growth Centers (Epiphysis and Apophyses)” which 
will also be found valuable. 

The second section of each volume contains various miscellaneous subjects ranging from 
bone tumors, treatment of scoliosis, upper extremity prosthetics in child amputees, skin 
grafting in hand surgery, and a third very interesting section in volume nine on Motorist 
Injuries and Motorist Safety. This section was especially interesting because it points out 
the fact that automobile seat belts are not necessarily safe; in fact they may be more haz- 
ardous in certain types of accidents. It further points out the need of standardization of 
safety equipment, and the great need for more research in the field. 

In volume ten, Dr. McElvenny’s article on femoral neck fractures seemed particularly 
worthwhile at this time, since there seems to be a rather widespread pessimism concerning 
the results of reduction and internal fixation and an increasing tendency toward the use of 
primary replacement prostheses. 

These two volumes will merit careful examination by every practicing orthopaedic surgeon. 

Wayne O. SOUTHWICK 


The Forequarter Amputation. By H. F. MosEtry, 79 pp., $10.00. J. B. Lippincott Co., 
Philadelphia, Pa. 

This monograph is a good reference concerning the technique of shoulder girdle amputa- 
tion. The regional anatomy and the various operative approaches are beautifully illustrated. 
An interesting detailed historical review of the origin of shoulder girdle amputation from 
traumatic avulsion is included. Operative indications and results only briefly considered. 
The excellent illustrations are an example of medical art at its best. 

FRANK SPENCER 


Understanding Your Patient. Edited by Samvet Liesman. 170 pp., $5.00. J. B. Lippincott 
Co., Philadelphia, Pa. 

As.the title would indicate, this small book is addressed to physicians who wish to improve 
their understanding of and ability to cope with emotional problems in their patients. Its 
editor is to be congratulated in his selection of the material and in its authorship by such dis- 
tinguished contributors as Milton Rosenbaum, Frederick H. Allen, C. Knight Aldrich, Erich 
Lindemann, and others. 

The book begins with an interesting chapter by Dr. Daniel Blain devoted to a considera- 
tion of “the unique position of the physician in our society”. One of his central points is 
that the doctor, more than any other person in the community, is afforded an opportunity 
and an obligation to deal with the emotional problems of people. He implies that further 
steps should be taken to train the physician for this task and makes the interesting point that 
physicians generally would do well to utilize and to help further develop various community 
resources which are useful in the prevention and management of some emotional problems. 

The second chapter is entitled, “Psychological Preparation of the Individual for Medical 
and Surgical Care’’. This is an excellent, brief discussion of an extremely important area in 
clinical medicine. It would not be appropriate here to review this chapter in detail but it 
may be mentioned that the authors vividly illustrate the possibility of flexibly tailoring one’s 
therapeutic regimen in order to facilitate acceptance of treatment by the patient. As the 
word “tailoring” implies, this process hinges on the physician’s awareness of the individual 
patient’s emotional needs and conflicts. 

The remaining seven chapters deal successively with problems associated with infancy, 
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childhood, adolescence, marriage, adult life, and lastly, grandparents. With only one or two 
exceptions, these chapters are notably lucid and the authors exhibit a rather practical, down- 
to-earth orientation. The chapters dealing with emotional problems of adult life, adolescence 
and grandparents are especially valuable. 
There has been a definite need for a book of this type and it is highly recommended to 
all physicians who are engaged in clinical practice. 
Joun B. ImMBopEen 


Hormones in Blood. Ciba Foundation Colloquia on Endocrinology, Vol. XI. Edited 
by G. E. W. WoLsTENHOLME AND Etatne C. P. MILtar. 416 pp., $9.00. Little, Brown 
& Co., Boston, Mass. 

A concise and complete report summarizing the present knowledge of hormones in the 
blood is presented. An attempt is made to delineate the rates of hormone production, levels 
of circulating hormones and the mode of transportation of hormones in blood insofar as each 
is possible. 

The discussion of concentrations of anti-diuretic hormone suffers from a failure to em- 
phasize the limitations of the assay method. Conversely, extensive analysis of the bioassay 
techniques involved in the measurement of growth hormone and chorionic gonadotrophin 
obscures the discussion of the general principles for which the symposium is intended. Pitt- 
Rivers reviews the rapidly advancing field of thyroid hormones and their analogues and 
brings it to a clear focus on clinical problems. Randle summarizes the status of insulin assay 
and emphasizes the need for better precision and specificity. This difficulty is common to 
all bioassay procedures, and will be corrected only by concentration or isolation of insulin 
from the blood. The rewards to be gained by solving this fundamental problem are aptly 
illustrated by the clear and definitive papers on adrenal steroids by Samuels, Pearlman, 
Bush and Migeon. Studies related to the measurement of catechol hormones and aldosterone 
in the blood are discussed briefly. 

Most of the topics are presented in their historical context so that they may be understood 
by those unfamiliar with the specific question under study. Discussion following each paper 
is candid and thorough. The symposium is primarily of interest to those involved in the 
investigation of hormones in blood; in the discussions following the papers, however, a store- 
house of ideas relating to clinical medicine may be found. 

THADDEUS E. PROUT 


Child Psychiatry, 3rd edition. By LEo KANNER. 777 pp., $8.50. Charles C Thomas, Spring- 
field, Ill. 

One should not expect in this third edition of Kanner’s very useful text to find the radical 
changes that were so apparent between the first and second editions. In fact, the differences 
between the second and third are so small that the publisher was certainly not required to 
reset very many of the old plates. Although the dust jacket attests that the book is “exten- 
sively rewritten” the changes are actually minimal. The literature has in many areas been 
brought up to date and certain newer trends have been included that will increase the value 
of the text as a reference work. 

Although the decade is not yet over, it would have been helpful if the procedure of review- 
ing the history of the field by decades of the twentieth century had been carried forward. 
There have been considerable changes in thinking about the child psychiatric clinic, its 
structure and rapid expansion in recent years that might well have been included, as well as 
changes in the voluntary mental health movement that appear significant. 
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There has been a helpful revision of the metabolic disorders accompanied by behavior 
disorder. The section on the treatment of epilepsy has been expanded to take the newer 
drugs into consideration, however briefly. A new chapter has been introduced on pharma- 
cological therapy, but its extreme brevity reduces its usefulness. 

In psychopathology, there is a new chapter on separation anxiety which is concerned with 
the newer interests in school phobias. There is a brief new section on symbiotic infantile 
psychosis. Although Eisenberg’s work on the followup of the infantile autism cases is in- 
cluded in the bibliography, no change appears in the textual presentation of this syndrome. 
Attention has been given to the concept of the continuum of reproductive casualty. 

Dr. Kanner’s comprehensive text will undoubtedly continue to be a most useful volume 
in its present form. 

PauL V. LEMKAI 


Textbook of Pathology with Clinical Applications. By S. L. Ropsrns. 1,351 pp., $18.00. 
W. B. Saunders Co., Philadelphia, Pa. 

\s stated in the preface, this text was written with several goals in mind, the foremost 
of which were the presentation of the morphologic aspects of disease in a concise and readable 
fashion and the correlation of morphology with clinical medicine. In the former, the author 
has succeeded, for the descriptive material is well organized and supplemented by unusually 
fine illustrations. 

Unfortunately, the discussion of disease processes does not lend itself freely to simplifica- 
tion. Consequently, in an effort to present the facts “concisely and devoid of distracting 
details’, the author has written in a rather unimaginative and didactic fashion. Indeed, 
oversimplification has led in many areas to an uncritical discussion of the pathogenesis of 
disease. In the instructor’s experience the lack of critique has been misleading to students 
using the text and has provoked more questions than any forthright pathogenetic treatment 
of disease. 

The references, except for unfortunate omissions, are good. However, they are not in- 
tended as documentary evidence of statements. The text as a whole is adequate for the 
purposes of descriptive pathology but is unlikely to appeal to those primarily interested in 
disease mechanisms. 

FREDERICK G. GERMUTH, JR. 


Methodology of the Study of Ageing. Ciba Foundation Colloquia on Ageing, Vol. 3. Edited 
by G. E. W. WoLsTENHOLME AND C. M. O’Connor. 202 pp., $6.50. Little, Brown and 
Co., Boston, Mass. 

Research on problems of ageing has become fashionable, judging by the number of confer- 
ences on the subject and the rapidly increasing flow of funds for its support. It must be 
heartening to the handful of pioneers to find the problems which have occupied them for 
many years now in the center of the stage. Latecomers to the field, however, distressed at 
the fogginess of concepts, lack of precision in terminology and even absence of agreement on 
many basic points of information, find very few critical evaluations of the already vast litera- 
ture to guide them. After Alex Comfort’s, The Biology of Senescence, probably the most use- 
ful summaries are the Ciba Foundation’s Colloquia on Ageing. Methodology of the Study of 
Ageing is the third volume in the series, which also includes General Aspects of Ageing and 
Ageing in Transient Tissues. Among the topics covered in the third volume are: the use of 
inbred strains of animals in gerontological research, the study of emotion and intelligence in 
ageing, studies of human organ system function and ageing of cells. As one of the contributors 
cogently remarked, since experiments where time is a variable are essential in most investiga- 
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tions, one could include virtually all techniques in a discussion of the methodology of ageing: 
in fact, most of the articles deal not with special methodology but with difficulties encoun- 
tered in applying standard methods to gerontological problems. The twelve principal articles 
vary widely in scope and readability and in the quality of the ideas presented. Most of them 
are thoughtful restatements of the established views of the authors. Few new findings or 
even fresh or unconventional reappraisals of the older literature are presented. Hence the 
investigator already acquainted with the field may find the volume of relatively little value. 
On the other hand, new students of the mechanisms of senescence should find it rewarding 
and stimulating reading. Methodology of the Study of Ageing makes an excellent point of 
departure for a more intensive study of the literature. The discussions have been edited 
skillfully to bring out salient points and to emphasize areas of disagreement. Not infrequently 
the discussion following an article outweighs the article itself, an example being Danielli’s 
“The Study of the Ageing of Cells.”’ All too often the advantages of bringing together persons 
of diverse interests to discuss a specific problem are lost in the published accounts. The 
editors are to be congratulated for preserving the informal, spirited character of the dis- 
cussions. 


James D. EBER1 


Fractures, Dislocations and Sprains, 6th edition. By JoHN ALBERT Key AND H. Ear 
CONWELL. 1168 pp., $20.00. The C. V. Mosby Co., St. Louis, Mo. 

The sixth, ‘Silver Anniversary” edition, of Key and Conwell’s The Management of Frac- 
ures, Dislocations and Sprains maintains the excellent standard it has always enjoyed. It 
is fortunate that most of it could be completed before Dr. Key’s untimely death. 

This book has probably been the most widely accepted treatise on this subject in America 
and represents perhaps the majority opinion and “standard” method of treatment of these 
conditions in this country. 

Although various individual authorities may differ with the authors on certain details of 
treatment, the book has stood the test of time and should receive the popular acclaim of its 
previous editions. 

This edition does not actually represent a very extensive revision; the majority of material 
is very similar to the fourth edition. The chapters on the jaw and skull have been removed 
and material on intramedullary nailing has been added. The chapter covering hand injuries 
rather slights the use of intramedullary wires and pins and does not seem to reflect the more 
recent concepts of treatment in this region. 

However, this book properly deserves an important place in the fracture surgeon’s library. 

WAYNE ©. SOUTHWICK 
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Occupational Diseases of the Skin, 3rd edition. By Lovis Schwartz, Louis TULIPAN AND 
DonaALp J. BrrMINGHAM. 381 pp., $18.00. Lea & Febiger, Philadelphia, Pa. 

Symposium on Antibodies: Their Production and Mechanism of Action. Sponsored by The 
Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. Reprinted from 
Journal of Cellular and Comparative Physiology, Vol. 50, Supp. 1, Dec. 1957. 

Therapeutic Heat. Vol. II of Physical Medicine Library. Edited by SIDNEY Licut. 466 pp., 
$12.00. Elizabeth Licht, Publisher, New Haven, Conn. 

Ulcerative Colitis. By Harry E. Bacon. 395 pp., $15.00. J. B. Lippincott Co., Philadelphia, 
Pa. 
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MICROPHYSIOLOGY OF THE NEURO-MUSCULAR JUNCTION. 
A PHYSIOLOGICAL ‘QUANTUM OF ACTION’ AT 
THE MYONEURAL JUNCTION! ? 


BERNARD KATZ 
Professor of Biophysics, University College, London, England 


Received for publication March 6, 1958 


| am deeply grateful to the Medical Faculty and the Trustees of Johns 
Hopkins University for honouring me by the invitation to give this year’s 
Herter Lectures. When I saw the illustrious list of past recipients of this honour, 
I could not fail to realize that I owe my place in this succession, not to the 
slight merits of my scientific work, but to the ties of personal friendship, of 
good will and encouragement which have existed for many years between 
several members of this Faculty and our own group at University College 
London. I should like to assure you, Sir, that this thought has in no 
way dampened, but rather increased my enjoyment and added to my pleasure 
in undertaking this journey and being able to report to you some of the experi- 
ments which my colleagues, especially Drs. Paul Fatt and José del Castillo, 
and | have been engaged in during the past 8 years. 

We were attracted by the mechanism of the neuro-muscular junction, the 
place where a wave of excitation reaches the minute peripheral endings of a 
motor nerve cell, and where it is transmitted without fail to the comparatively 
huge muscle fibre, across a specialized membraneous contact area which we 
call the synapse. 

The situation attracted us from a practical experimental point of view. 
Most of the hard groundwork had been done before: the fine structure of the 
motor nerve endings and muscle end-plate had been cleared up as far as optical 
microscopy would resolve it. The chemical nature of transmission had been 
established; I need only mention the names of the great pioneers in 
this field—-Claude Bernard, Langley, Otto Loewi and Dale—to remind you 
of the landmarks which led the way to final recognition of acetylcholine as 
the chemical mediator. And more recently, the application of electrophysi 
ological methods, especially in the hands of J. C. Eccles and Stephen Kuffler, 
had thrown much light on the detailed processes by which impulses are initiated 
at the motor end-plate. So, the stage seemed to be set for a further attack on 
the nerve-muscle junction, using modern electrical micro-methods: by record- 

1 Lecture I of The Herter Lectures delivered at The Johns Hopkins Hospital January 
20, 1958. 

* References and illustrations are numbered continuously through the two lectures 
References will be found at the end of Lecture II. 
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ing the membrane potential of single cell units directly, with internal micro- 
electrodes: by influencing the voltage level of the cell membrane with internal 
polarizing electrodes: and by directing localized ‘jets’ of exciting and blocking 
drugs at the end-plate receptors, with a method of microscopic ionophoresis 

Of course, behind all this technical display there was the hope of elucidating 
more general problems of physiology. Just as the study of a single nerve fibre 
has been expected to yield information of general importance, relevant to 
excitation and conduction of impulses anywhere in the nervous system, so 
has the myoneural junction been looked upon—at least in the early days—as 
a kind of model synapse, a typical example whose exploration would throw 
much light on synaptic processes elsewhere. | always felt that this generaliza- 
tion was over-optimistic and its foundation rather shaky. The various types 
of synapses, unlike nerve fibres, show a good deal of individuality even in their 
qualitative behaviour. After all, there is a great variety of neuronal contacts; 
at many of them multiple influences, excitatory as well as inhibitory, are inte- 
grated, quite unlike the situation at the myoneural junction at which impulses 
are merely distributed and relayed in a through-conducting one-to-one manner. 
Nor does it seem permissible to argue that the discovery of chemical trans- 
mission at one particular type of neuronal junction establishes, with any degree 
of cogency, that a similar mode of transmission must exist at all other synapses. 

May I, at this point, briefly refer to a very different sort of junction which 
my colleagues, Drs. E. J. Furshpan and David Potter have been examining 
recently (1). In the abdominal ganglion of the crayfish there is a synaptic 
connection between the so-called lateral giant axon which runs through all 
the segments of the abdominal cord and the segmental motor nerve fibre. If 
you wish, you may call ¢/is a typical neuronal synapse, with impulses being 
transmitted in one direction alone. Like our nerve-muscle junction, this cray- 
fish synapse is well adapted to exploration by electrical micromethods. Indeed, 
Drs. Furshpan and Potter have succeeded in introducing no fewer than 4 
separate microelectrodes into the contacting cells, two on either side of the 
synaptic membrane. This was possible because both pre- and postsynaptic 
structures are large, and are therefore able to withstand the double penetra- 
tion without excessive damage. Furshpan and Potter made some very 
interesting observations which establish, I think, quite clearly that the trans- 
mission across this neuronal synapse is electrical and not mediated by 
a specific transmitter substance. The one-way passage of the excitation wave 
is ensured simply because the membraneous contact area acts as a good electric 
rectifier which allows the passage of current only in the forward direction. 

Their findings were of two kinds: in the first place there is no detectable 
delay at this synapse between the local electrical signs of pre- and post-synaptic 
activity. Secondly, and this is the really crucial observation, electric current 


can flow across this synapse easily provided the post-synaptic axon is at a 
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lower intracellular potential than the pre-synaptic cell; no current flows if 
the potential difference is of opposite direction. That is to say, a local depolari- 
sation of the afferent cell is transmitted to the post-synaptic axon; similarly 
an artificially induced hyperpolarization of the post-fibre is transmitted back- 
ward across the junction: for in both cases a potential difference of the right 
direction exists across the synaptic rectifier. On the other hand, it is not possible 
to transmit a depolarization (for instance an impulse) antidromically, nor a 
hyperpolarization in the orthodromic direction. 

There are few synapses to which the direct method used by Furshpan and 
Potter can be applied. In the crayfish abdominal ganglion, we have 
the fortunate situation of a large axon-to-axon contact, the afferent, pre- 
synaptic element being even larger than the post-synaptic fibre. However, in 
most situations, the pre-fibres are very small and their terminals so minute 
that there is no practical possibility of inserting micro-electrodes into them, 
and all information about the behaviour of their membrane must rest on more 
indirect evidence. This is probably a very significant structural difference, 
and quite apart from the technical difficulties which it introduces, it should 
make one feel hesitant in trying to generalize from the result obtained on one 
synapse and to predict what one might expect to happen at another 
morphologically quite different type. 

At the nerve-muscle junction we have very good evidence for an irreducible 
synaptic delay, nearly 1 msec. in the case of the frog end-plate as Dr. Kuffler 
has demonstrated several years ago (2). Furthermore, Stephen Kuffler has 
shown that this junction does not provide a pathway for the electrotonic 
cable-transfer of local current. A steady, or a transient subthreshold, depolari- 
zation of the motor nerve terminals is not directly transmitted to the muscle 
fibres at all. When we pass current through the terminal portion of the motor 
nerve, we impose potential changes on the pre-synaptic axon which are unable 
to spread beyond the nerve terminal, and yet such local potential changes have 
a powerful influence on the rate at which acetylcholine is being released from 
the terminal points. | must defer a description of the evidence for this state- 
ment until later: at the moment | am mentioning it merely in order 
to emphasize that in our experience one synapse is not necessarily like another, 
not even in such basic features as the electrical or chemical mode of trans- 
mission. In the crayfish cord we have an example of a synapse at which the 
postsynaptic cell is stimulated electrically by the presynaptic axon, through 
a rectifying intermediate contact area. At the myoneural junction we know 
from Sir Henry Dale’s work that a specific transmitter substance intervenes 
between the arrival of the nerve and the departure of the muscle impulse. It 
would be interesting to know whether such differences can be related to pecu- 
liarities in the ultra-structure of the synaptic contact: it would clearly be of 
first-rate importance to establish whether the synaptic membranes of pre- and 
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post-fibre become fused (as perhaps they are in the case of the crayfish) or 
whether they retain an aqueous cleft (as I think one has to postulate for the 
myoneural junction). But for the present we are simply faced here with two 
cases, if you like with two examples of synaptic transmission which operate on 
very different principles, and if we realize that the use of the word ‘example’ 
in this context, means no more than ‘one out of many different types’, then 
we are not going to be misled by any generalizations which I or others may 
be tempted to draw. 

Let us then forget about ‘synapses in general’ and return to the neuro- 
muscular junction itself. | suggest that we may accept without much further 
argument the 20 year-old evidence, viz. that acetylcholine is the chemical 
mediator at this junction. The initial opposition which this view encountered 
is, | think, historical and became untenable many years ago. The question 
that seems of more interest is not whether, but how acetylcholine is released 
and how it acts. 

[ should like to divide the subject at this point and deal with these two 
main aspects separately: that is first with the mechanism of pre-synaptic 
release, or —using a more general term—the problem of neuro-secretion at the 
motor nerve endings. 

Tomorrow | hope to discuss the second group of problems associated with 
the post-synaptic receptors. The end-plate region of the muscle fibre forms a 
specialized chemo-sensitive apparatus, and the process by which a minute 
dose of a special chemical agent is able to initiate a muscle impulse involves 
problems closely related to chemical receptor mechanisms at other places of 
our body. 

I should like to start by describing some observations which Dr. Fatt and 
I made accidentally several years ago when we were looking at end-plates with 
the help of intracellular electrodes. Perhaps I should go back further and start 
with a phenomenon which | stumbled across about 10 years ago. I happened to 
be looking at the electrical activity of isolated proprioceptors in a toe muscle 
of the frog. I was interested at the time in the mechanism by which sensory 
impulses arise from a muscle spindle, and for some experiments decided to 
isolate an intrafusal bundle, with the sensory axon still attached, though un- 
fortunately the motor nerve branches which supply the intrafusal muscle 
fibres had been cut close to their endings in the process of isolation. Now one 
day when I was moving an exploratory electrode along the surface of the fine 
muscle bundle, I noticed a peculiar spontaneous activity at certain points, an 
activity which had nothing to do with the sensory impulses which were re- 
corded simultaneously from the axon. Closer examination revealed that this 
activity of obscure origin looked very much like randomly firing end-plate 


potentials. Occasionally several of them occurred in rapid succession and built 
up in height, and every now and then gave rise to a propagating spike and a 
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twitch in the tiny muscle. I tried a dose of curare, and the whole phenomenon 
vanished. I satisfied myself at the time with a facile explanation, namely that 
these peculiar end-plate potentials might be due to injury discharges of im- 
pulses from the cut ends of the motor axon branches, and this enabled me 
conveniently to forget about the whole thing. Until it was suddenly recalled 
to my mind a few years later when Dr. Fatt and I observed a very similar 
phenomenon on another quite accidental occasion. We were exploring the 
same toe muscle preparation with an internal micro-electrode, this time for 
the purpose of locating ‘tonic’ muscle fibres, or rather to decide whether the 
slow responses which stimulation of small motor axons evokes, reside in the 
same muscle fibres, or in separate fibres from those which give the orthodox 
twitch. We did not get very far with this attempt, and the problem was solved 
in a very elegant fashion a year later by Stephen Kuffler and Vaughan Williams 
here at the Wilmer Institute (3). But while we decided to abandon our attempt 
to look for slow fibres, we did not leave the field quite empty-handed. It was 
during these unsuccessful experiments that we found something interesting 
which held our attention. We re-discovered the peculiar spontaneous electrical 
activity at certain points of the muscle, and this time Dr. Fatt and I decided 
to make a proper job of it. 

What we found was this: when one inserts a recording micro-electrode well 
away from the end-plate, one observes nothing unusual; just a resting potential 
of some 90 mV and nothing else. But when we entered at an end-plate region, 
we detected our local spontaneous activity which was going on all the time 
in an intermittent random fashion, at an intensity well below the firing thresh- 
old of the muscle fibre. 

Figure 1 shows the electrical events in a resting muscle fibre at the end-plate 
and at a point 2 mm. away. To demonstrate that we are truly at the end-plate, 
we apply a single shock to the nerve and record the response in the two cases. 
At the end-plate we see a complex wave-form, an initial step which is a charac- 
teristic local feature known as the end-plate potential, and a propagating 
spike which arises from the end-plate potential. At the other point we see 
only the travelling spike; it arrives about a msec later due to the extra time 
taken up in travelling the 2 mm. distance from the end-plate. In the upper 
record, taken at much higher amplification and slower speed, we see the minute 
spontaneous local potential changes. They are visible at the end-plate only, 
and are of a standard size and shape, with a rapid rise and somewhat slower 
decay. Two mm. away, one can barely discern a trace of this localized activity. 
We call these spontaneous discharges the miniature end-plate potentials. They 
are in many respects identical with the e.p.p. (end-plate potential) which a 
nerve impulse sets up in a curarized muscle fibre; for example the localization 
and the time course, the duration of rise and fall are the same. The difference 
is that the miniature potentials occur spontaneously in the absence of any 
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Fic. 1. Spontaneous miniature end-plate potentials (from Fatt & Katz (4)). A: A micro- 
electrode was placed inside a frog muscle fibre at the nerve-muscle junction. B: The elec- 
trode was placed 2 mm away into the same muscle fibre. The upper portions were recorded 
with slow speed and high amplification (calibrations 3.6 mV and 47 msec.); the lower portions 
show the response to a nerve impulse with fast speed and low-gain recording (calibrations 
50 mV and 2 msec.) 


stimulation, and that their amplitude is on a microscale, about 1 per cent of 
the size of the normal end-plate response. 

Now this phenomenon presents us immediately with a series of problems. 
Firstly, what is the origin of this spontaneous activity? Is it really spontaneous 
or does it arise from some unrecognized form of artificial stimulation? We were 
originally inclined to attribute the whole thing to local damage done to the 
nerve endings, for instance by mechanical pressure of our micro-electrode. 
Dr. Fatt and | checked this objection carefully by approaching the nerve- 
muscle junction from a respectful distance, first inserting the micro-electrode 
at a point about a mm. away. We made use of the cable-like properties of the 
muscle fibre which allow a local subthreshold potential change to spread over a 
small distance, one or two millimetres, from its point of origin. And indeed in 
many muscle fibres we detected discharges of miniature e.p.p.’s when we 
approached the junction withina mm.; the individual potentials were then very 
small and their time course was slowed and blurred under such recording con 
ditions, but we could satisfy ourselves that the activity was present even 
though our electrode was far enough away and could not possibly have inflicted 
any damage to the nerve endings. It is true that any such damage or anything 
which depolarizes the axon terminals causes a great acceleration in the firing 
rate, but we are now quite convinced that the spontaneous activity is a real 
phenomenon, and that its existence and basic features are genuine and do not 
depend on artificial interference. 

The individual discharges appear to occur in a completely haphazard, ran- 
dom fashion. Dr. Fatt and | once recorded a series of 800 successive discharges, 
and examined the sequence of the time intervals. We could find no evidence 


of an inherent rhythm or of any form of mutual interaction. One of the statisti- 
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cal properties of such a random sequence is that the distribution of the intervals 
is very asymmetrical and follows a simple exponential law. Also if you consider 
the probability of an event taking place in a given interval, this probability 
increases with the time interval along a simple exponential curve of the type 


‘/T where t is the interval chosen for observation, and T the mean 


p=l-e 
interval between successive events. 

In Figure 2 we have plotted the number of observed discharges against the 
interval within which they occurred. The curve drawn through the plotted 
results is the predicted exponential, and its time constant is equal to the ob- 
served mean interval. There are other and more stringent tests which have been 
applied by the experts to this series, and they all strengthen our suspicion 
that we are dealing here with a spontaneous random phenomenon in which 
individual events take place independently of previous occurrences. 

Drs. Fatt and del Castillo and I paid some attention to the question of the 
precise localization of these events within the confines of a single myoneural 
junction. In frog muscle, the neuro-muscular junction is formed by a multiple 
arborization of fine axon branches, first described by Kiihne. The endings may 
extend over a few hundred microns, and their total length on any one muscle 
fibre is of the order of a mm. One may expect the miniature potentials to 
originate at random points anywhere along these terminal twigs. 

Now with intracellular recordings, potential changes which originate at 
different points within this contact area are all picked up without much dis- 
crimination. This is due to the cable-like properties of the fibre and especially 
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Fic. 2. Statistical distribution of time intervals in a series of 800 spontaneous miniature 
e.p.p.’s. (from Fatt & Katz (4)). 
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its surface membrane which causes a longitudinal spread and spatial integra- 
tion of all local potential changes. 

The situation is quite different, if you withdraw the microelectrode from the 
fibre interior and move it carefully along the surface of the end-plate with the 
tip in the external short-circuiting fluid volume. Most of the external surface of 
the end-plate is found to be electrically quiescent and to remain at the constant 
potential of the saline bath, but here and there an extremely sharply localized 
point may be found at which miniature potentials can be detected. What 
happens is that if you are immediately at the point of origin of a spontaneous 
discharge, a potential change of a few mV is recorded due to the high density 
of currents which converge into this sharply localized electrical focus in the 
cell membrane. The miniature potentials recorded in this way show a number 
of characteristic features which distinguish them from intracellular recordings: 
their polarity is the reverse, their time course is much faster, corresponding in 
fact only to the brief initial phase of transmitter action, and—what is most 
revealing—their frequency is much lower than that of the total integrated 
discharge of the end-plate. Furthermore, the slightest movement of the micro- 
pipette, by as little as 104, may cause the phenomenon to be lost completely. 

In Figures 3 and 4.we have a simultaneous display of the internal, integrated 
miniature e.p.p.’s from a single end-plate, and of focal external potentials 
from a critically selected surface spot. It is clear that the external electrode 
is much more selective and picks up only a small fraction of the total spontane- 
ous activity which is going at this junction. The reason is fairly evident: the 
spontaneous discharge is a random event, random in its temporal sequence 





Fic. 3. Simultaneous intra- and extracellular recording of spontaneous miniature e.p.p.’s 
(from Castillo & Katz (5)). The upper trace of each record shows ‘internal’, the lower trace 
the much less frequent ‘external’ discharges. Upward deflexion signals positive-going po- 
tential change at the tip of the microelectrode. 
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Fic. 4. Simultaneous internal and external recording on faster time base. 


as well as in its spatial distribution. On the average, for every discharge that 
occurs in the immediate vicinity of the external recording probe, there are 
some 30 discharges which originate at other places of the end-plate, all suffi- 
ciently far away to remain undetected by the extracellular probe, while they 
are seen without distinction by the intracellular, transmembrane recording 
procedure. It will be of interest to remember that the response to a nerve 
impulse is similarly distributed over a large number of spatially, separate 
random spots within the expanse of the nerve-muscle junction. 

(Quite another matter is the question of the physico-chemical nature of the 
miniature potential. Some simple pharmacological tests convinced us that the 
potential arises from local random impacts of acetylcholine (ACh) on the 
receptors of the muscle end-plate. The miniature e.p.p.’s are reduced in size 
by local application of curarine, or of other postsynaptic blocking agents, and 
their amplitude and duration is considerably enhanced by an anticholinesterase 
like neostigmine. The effects of these drugs on the miniature e.p.p. correspond 
quantitatively to their known effects on the end-plate response produced by 
a nerve impulse, and equally to their effects on the depolarization produced by 
local application of ACh. 

We conclude therefore that the spontaneous miniature e.p.p. is the result of 
a random impact of ACh on the chemo-receptors of the end-plate surface. 

Where does the ACh come from? ACh is a fairly ubiquitous substance, and 
our motor end-plate may merely serve as an especially sensitive detector for 
traces of this substance emanating from blood vessels, autonomic nerve fibres 
and other adventitious tissue cells within our preparation. On the other hand 
it might come from the adjacent motor nerve ending which, of course, contains 
a store of ACh to be utilized in the course of normal transmission. There is 
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one obvious test to differentiate between these possible sources. The test is 
to sever the motor nerve of a muscle several days before the experiment and 
to see whether the spontaneous discharge of miniature e.p.p.’s survives chronic 
denervation, or disappears. Clearly, if the random impacts are due to local 
release from the nerve endings, the whole phenomenon should vanish as the 
peripheral portion of the axon disintegrates. If on the other hand the miniature 
potentials arise from other stray sources of ACh, then one might expect them 
to be even intensified, for the local sensitivity of the muscle to ACh becomes 
greater after denervation. The result was unequivocal. Less than two weeks 
after motor nerve section the miniature potentials had completely disap- 
peared from the denervated muscle, while they were readily detected 
in all the control muscles. We conclude, therefore, that the source of the spon- 
taneous miniature potentials is a random release of ACh from intact motor 
nerve terminals. 

The question arose now whether we were possibly recording here the effects 
of single molecular impacts. This seemed unlikely, but it remained conceivable 
and would have provided us with a very simple and attractive explanation of 
the spontaneous random nature of the phenomenon. We know that the motor 
nerve endings contain a store of the chemical transmitter substance; we also 
know from the work of Feldberg, Catherine Hebb, and others that cholinergic 
nerves contain an enzymic apparatus which builds up and continually re- 
plenishes the required store. Indeed, Feldberg (6) had concluded many years 
before that the ACh store in cholinergic tissues such as that in a motor neuron, 
is in a steady state of flux, during which as much ACh is lost by leakage from 
the cell as is being built up all the time. If ACh steadily diffused from the termi- 
nals into the surrounding space, then random impacts of the diffusing molecules 
could conceivably give rise to our miniature potentials. This would, of course, 
imply that our post-synaptic end-plate membrane is an exceedingly sensitive 
detector for ACh, so much so that a single molecular collision will give rise 
to a discrete event on our oscilloscope. 

This explanation, I am afraid, was far too nice and too simple to be true. 
It seemed unlikely even before we put it to the test, for more than one reason. 
Suppose, for instance, that the result of the reaction between 1 molecule of 
ACh and 1 receptor molecule were to produce 1 min. e.p.p.; then the effect 
of a competitive inhibitor like d-tubocurarine should be to interfere with the 
miniature potentials in a statistical fashion: by combining with receptor mole- 
cules, curare should reduce the chances, that is the frequency, of collision be- 
tween ACh and receptor molecules; it should therefore reduce the number of 
the observed miniature potentials without altering their amplitude. But exactly 
the opposite is found: curare reduces the amplitude of individual miniature 
e.p.p.’s, and it does not affect their recurrence rate. 


We can put the matter to a more decisive experimental test. When we apply 
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a small dose of ACh to our end-plate, for instance by discharging it from a fine 
pipette placed close to the end-plate, or simply by adding an ACh solution to 
the bath and letting it mix, we depolarize our end-plate artificially, and this 
must be the result of a large number of random molecular impacts of ACh on 
to the receptors. If it were true that each molecular impact gives rise to a mini- 
ature potential, then the application of quite a small dose of ACh should pro- 
duce an enormous increase in the frequency of the miniature e.p.p.’s. The 
depolarization should, in fact, be the result of a statistical fusion of miniature 
e.p.p.’s and this would of course be evident by looking at the oscilloscope. 
But nothing of the kind happens: when we apply ACh to our end-plate, all 
we produce is a relatively slow depolarization without altering the frequency 
of our miniature potentials; they just go on at the same rate, on top of any 
slow potential change which we elicit by our artificial drug application. If 
we reduce the dose of ACh gradually down to nothing, the resulting depolari- 
zation also diminishes in a continuously graded manner; it is not possible to 
show up the molecular components of the drug action, and all we can say is 
that the electrical effects of individual molecular collisions between drug and 
receptor are much too small to be resolved by our methods of recording. We 
cannot avoid the conclusion, much as we may regret it, that anything as large 
as a discrete miniature e.p.p. must be due to a momentary synchronous impact 
by a large packet, by hundreds, or may be thousands, of ACh molecules. 

This was a rather difficult conclusion for us to accept, because it immediately 
posed other awkward questions. What kind of spontaneous random mechanism 
should we imagine that gives rise to a subthreshold quantal effect, to a response 
which is all-or-none and yet does not involve the cell as a whole; an action 
which causes the synchronous release of many transmitter molecules, and yet 
remains at a subliminal level, well below the firing threshold of the excitable 
cell in which it takes place. It gave us a lot to think about; and the first thing 
one does in such a situation is to suspect the logical cogency of one’s argument. 
Suppose our experimental test is fallacious: it might be that our drug experi- 
ment in which we apply ACh fails to reveal the behaviour of the true receptors 
of the end-plate upon which the ACh-molecules from the nerve terminal 
impinge. Suppose that the true receptors are inaccessible to extraneous ACh 
and that by applying a drug from the outside we are really only testing some 
accessory receptor molecules whose behaviour is not relevant to our problem. 

| think we have eliminated this possibility by an experiment in which we 
played another card. We applied a brief ionophoretic dose of an inhibitor, 
d-tubocurarine, to the end-plate and let it interfere, alternatively, with an 
existing discharge of miniature e.p.p.’s, and with a potential due to applied 
ACh, (that is to say, we played our inhibitor against both, intrinsic and external 
ACh). The result was that both, the miniature potentials and the artificial 
depolarization were reduced by the applied curare with the same efficacy and 
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at the same time. It is clear, therefore, that all the receptors are readily and 
equally accessible to curarine, and as this drug molecule has a much higher 
molecular weight than ACh, the experiment lends strong support to our belief 
that ACh, even if it is applied from the outside, has ready access to all the 
end-plate receptors. 

So we are left with the somewhat puzzling conclusion that the miniature 
€.p.p.'s arise from a spontaneous leakage of packets, of multimolecular quanta 
of ACh, occurring at random moments and at random points within the nerve 
terminals. 

My colleagues and I spent many months searching for an explanation of 
this quantal phenomenon. At first, we thought it had something to do with 
electrical noise fluctuations in the membrane of the nerve endings, which 
might lead every now and then to a localized spontaneous excitation. We 
found however some experimental clues which forced us to abandon this line 
of thought completely. It is possible to place the nerve-muscle preparation 
into a drastically abnormal medium, an isotonic solution of K,SO, which makes 
the tissue reversibly inexcitable and completely depolarizes the cell membranes. 
Even under these conditions, the spontaneous release of ACh- packets still 
goes on in much the same way as before. To demonstrate the phenomenon, 
all one has to do is to displace the membrane potential of the muscle fibre a 
little way, in either direction from zero, and the miniature e.p.p.’s become at 
once apparent. It is clear then that neither the presence of sodium salts, nor 
the retention of even a trace of electric excitability, or of the normal membrane 
potential is necessary for the operation of a quantal spontaneous release of 
the transmitter substance. Apparently all that is needed is the structural in- 
tegrity of the nerve terminals. 

In order to obtain further clues we have used a variety of physical 
and chemical agents and examined their influence, on the miniature end-plate 
potentials, on their size and their frequency. Now we must remember that 
the size of the recorded potentials depends not only on the magnitude of the 
parcel of ACh which is delivered by the nerve terminal, but on various sub- 
sequent stages: on the local activity of the cholinesterase, on the sensitivity 
and density of the receptors, the resistance and potential of the muscle 
membrane, and on the resistance and diameter of the muscle fibre (7). For 
example, as I already mentioned, curare diminishes, and neostigmine increases, 
the amplitude of the miniature potential, because these drugs alter some of 
the post-synaptic conditions. 


If one consistent result has come out of all our experiments, it is that we 


found no means at all of influencing the size of the quantum which is being 
released. We can say quite generally that, in our experience, the amplitude of 
the miniature potential is independent of the state of the nerve endings, and 
is altered solely by post-synaptic influences. On the other hand, those agents 
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which change the condition of the nerve endings have a profound effect on the 
frequency of the miniature potentials, and on the frequency alone. 

If | may paraphrase this a little, | would say that the least quantum of Ach 
which is liberated from the motor nerve terminals is remarkably constant 
and unaffected by any of our experimental procedures whether they be drugs, 
changes in ionic environment, application of electric current, temperature or 
osmotic differences. What is extremely labile is the statistical probability of 
a quantum being released in a given time interval. This chance, which expresses 
itself as the frequency of occurrence of the event, can be altered experimentally 
over several orders of magnitude, and is critically dependent on the physico- 
chemical state of the nerve ending and its surface membrane. 

I will not bother you with the detailed results which bear out this conclu- 
sion. I will just mention the effect of artificial membrane potential changes 
imposed on the nerve terminals. It was shown by Castillo and me (8), and by 
Liley (9) in Eccles’ laboratory, that the more you depolarize the motor nerve 
endings the higher becomes the frequency of the miniature e.p.p.’s. One can drive 
the discharge up to frequencies of afew hundred per second or more, that is up 
to and beyond the limit at which a counting and measuring of individual dis- 
charges is practicable. Their amplitude remains unchanged; the effect is 
entirely an increase in rate. The electrical depolarization in these experiments 
was strictly confined to the presynaptic apparatus; and the result, was a 
statistical increase in the release of ACh-quanta. Dr. Liley has estimated that 
the frequency, or probability of release goes up exponentially by a factor of 10 
for a 15 mV lowering of the presynaptic membrane potential, or by a factor 
of 10‘ for a 60 mV change. The factor depends, however, on the ionic 
environment: it is greatly influenced by the concentrations of calcium and 
magnesium: calcium is an essential ‘co-factor’ and magnesium a powerful 
inhibitor, of this mechanism. Liley has further suggested that the action of 
the nerve impulse in releasing ACh is governed by his simple logarithmic 
relationship, and there is indeed very good evidence that the transmission of 
the impulse is brought about simply by a momentary enormous increase in 
the frequency of the miniature e.p.p.’s, that is by a synchronisation within a 
few tenths of a msec. of hundreds of unit events, which— if left to occur spon- 
taneously—would occupy a period of the order of a few minutes. 

That is to say, we have come to regard the miniature e.p.p. as the basic 
coin, as the quantal unit of action at the neuro-muscular junction. We believe 
that the impulse, by depolarizing the membrane of the motor nerve terminal, 
momentarily increases the statistical chances of quantal release, by a factor 
of several hundred thousand, provided we have the normal amounts of calcium 
and magnesium present. 

I should like to conclude this story by describing a few of the experiments 
which have led us to this assertion. The approach is essentially a statistical 
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one. We claim that the transmission of an impulse is brought about by the 
raising of the probability of release for a large number of ACh-packets which 
are stored inside the nerve terminal. It ought to be possible to obtain experi- 
mental evidence of the quantal composition of our response and of the pre- 
dictable fluctuation of its random population during a series of successive 
impulses. Now normally we are confronted with a large number of individual 
packets which make up the response at each junction, and Poisson’s theorem 
tells us that the relative fluctuations which one can observe in a /arge popula- 
tion will be small and difficult to analyze. 

What we did was to bring the numbers down, by making use of the influence 
of external calcium and magnesium ions. We lowered the calcium concentra- 
tion and raised the magnesium sufficiently to reduce the release of ACh by a 
nerve impulse to a small fraction of the normal intensity. With such a device, 
it is quite easy to show that there are very large statistical fluctuations in the 
end-plate response to successive impulses, and that the fluctuations are of a 
discontinuous step-wise nature. 

Indeed by depressing the release mechanism sufficiently, we can demonstrate 
that the fluctuations involve quantal steps, each step corresponding to a unit 
identical with a spontaneous miniature e.p.p. 

I should like to use a few minutes for a little mathematical digression. When 
you are dealing with a random response of this kind, made up of small num- 





Fic. 5. Fluctuations of response at a single end-plate, during block produced by high 
magnesium and low calcium. Simultaneous intra- and extracellular recording, as in Figure 3. 
Upper part: taken on slow film; nerve was stimulated during the period marked by two ar- 
rows. Lower part: showing ‘internal’ and ‘external’ responses on fast, superimposed, sweeps 
(From Castillo & Katz (5)) 
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—— LLL LLL 
Fic. 6. Units of end-plate response, recorded intracellularly in a calcium-deficient and 
magnesium-rich medium (from Castillo & Katz (10)). The top portion shows a few spon- 
taneous potentials. The lower part (below the 50 c/s time signal) shows the responses to single 


nerve impulses. Stimulus artifact and response latency are indicated by a pair of dotted 
lines. There was a high proportion of failures, and only 5 unit-responses to twenty-four 


impulses. 
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Fic. 7. Statistical properties of the end-plate response. The nerve-muscle preparations 
were blocked by a high magnesium and calcium-deficient medium. The nerve was stimulated 
at 100 shocks per sec., producing a progressively increasing end-plate response. The upper 
record was obtained from the surface of a sartorius muscle showing the ‘smooth’ average 


population response of a few hundred end-plates. In the lower part, the response of a single 


end-plate is recorded, intracellularly, showing the quantal composition of the response 
Stimuli indicated by dots. Note spontaneous potentials on the superimposed ‘base-lines’ 
(From Castillo & Katz (11)). 
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bers from a large latent population of units, each of which has only a minute 
chance of being released, then the statistical observations which you are going 
to make can be predicted by Poisson’s theorem. This theorem tells us that, 
if the mean number of quanta liberated by an impulse is m, then the chances 
of actually observing any given number x: e.g. none at all, one, two, three and 
so on, is given by the equation 


So, if you make a long enough series of observations, the percentage of re- 
sponses which have 0, 1, 2, 3, .. . x quanta ought to be distributed in accord- 
ance with the Poisson formula. There is a very simple form of expanding the 
theorem: and the relative numbers of responses should be given by 


m m m 
No = eC ™,Ny= MNo, Ne = Nn, ,ns = Ne, ng = Nz, etc. 
) 3 4 


For example, if the mean happens to be 1, then: 
no = 37%, m = 37%, nz = 18.5%, nz = 6%, mas = 1.5%. 


The application of these formulae to our results is made a little more compli- 
cated by the fact that we are measuring amplitudes of composite potentials, 
and the units of which they are made up, are themselves not uniform in ampli- 
tude, but scattered around a mean size. The procedure is illustrated in Figures 
8 & 9. 

We measure a series of spontaneous miniature potentials, find their mean 
and the variance of their amplitudes. We then compare them with the ampli 
tudes of our responses, which show a much more complicated distribution, 
with a certain proportion of failures, that is zero numbers, and several peaks 
corresponding evidently to single and multiple units. To analyze the ampli- 
tudes of all these responses, we have to take into account the scatter of our 
unit potentials. So the numbers predicted by the Poisson theorem for each 
class beyond the zero class, (ni, ns, ns, etc.) have to be spread out in a similar 
bell-shaped curve to the spontaneous unit potentials, and the variance of this 
spread must grow with the number of units in the class. An analysis of this 
kind has been carried out by Castillo and me on frog muscle (10), by Boyd 
& Martin on end-plates of the cat (12), and by Liley in Canberra on the rat 
diaphragm (12a), and we all found that the agreement between the observed 
results and the Poisson is very good. 

There is a simpler and, to my mind, more satisfying test which requires 
one only to count numbers (of success and failure to respond), and to measure 
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Fic. 8. Histograms of e.p.p., and spontaneous potential amplitudes (inset), from a 
mammalian end-plate blocked by magnesium (from Boyd & Martin (12)). Peaks of e.p.p. 
amplitude distribution occur at 1, 2, 3, and 4 times the mean amplitude of the spontaneous 
miniature potentials. A Gaussian curve is fitted to the latter and used to calculate the 
theoretical distribution of e.p.p. amplitudes (continuous curve). Arrows indicate expected 
number of failures of response. 


mean amplitudes, which in a large series of observations is a very accurate 
and safe procedure. 
We have two independent equations for m: 


mean amplitude of responses 


(i) m = : : : 
mean amplitude of spontaneous potentials 
(ii) No =e ” 
; mean response No. of impulses 
y 


mean spontaneous potential No. of failures 


This equation has been tested over the whole practicable range by the same 
three groups of investigators, and the agreement was astonishingly good in 
all the preparations, amphibian and mammalian, in which it was examined. 

As a result of this work we can now feel quite confident of two conclusions: 
(a) that the miniature e.p.p. represents the least quantum of action in myo- 
neural transmission and (b) that the unit of ACh-release remains unchanged, 
whether it occurs spontaneously, during periods of normal quiescence of the 
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Amplitude of end-plate potentials (m 

Fic. 9. Method of obtaining the continuous theoretical curve in Figure 8 (from Boyd & 
Martin (12)). The Poisson numbers for each class have been spread-out in Gaussian curves, 
corresponding to multiples of the spontaneous potentials. Algebraic summation of ordinates 
gives the continuous curve of Figure 8 
motor axon, or during the height of activity on arrival of the impulse at the 
motor endings. 

The size of this ACh-quantum depends upon some fixed property of the 
nerve terminal, some property which is not alterable by the labile condition 
of its surface membrane. 

It was at this point that certain speculative ideas of the electron-microsco- 
pists coverged with those of ours. We thought that, may be, the constancy of 
the ACh-packet arises from the way in which the transmitter substance is 
prepared and parcelled-up inside the nerve ending. There had been a good 
many earlier indications that ACh is present inside the cell not in free solution 
but somehow chemically combined or encapsulated within minute intracellular 
structures in which it is synthesized and stored. And in recent years, the 
electron-microscope has revealed the presence inside the motor nerve terminals 
of more or less densely packed microsomes, so-called synaptic vesicles, of a 
few hundred A diameter. 

Dr. Robertson (13) suggested that these might be like secretion granules, 
vehicles of the transmitter substance. Suppose this is true, then we are imme 
diately confronted with the problem of release. Before ACh can reach its 
destination, that is the receptor molecules in the post-synaptic surface, it 
must be free to penetrate two barriers: (a) it must escape from its intracellular 
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Fic. 10. Electron micrograph of a reptilian neuro-muscular junction (this picture was ob- 
tained by Dr. J. D. Robertson, see (13)). Diameter of the motor nerve ending is approx- 
imately 2.5 4; it contains, in addition to mitochondria (large dark particles), many small 
‘vesicles’ of a few hundred A units diameter. 


capsule and (b) it must pass out of the nerve terminal itself. If we want to 
pursue our speculation, we must think of a mechanism which somehow opens 
both gates simultaneously, and which remains compatible with all the physio- 
logical evidence, for instance about miniature e.p.p.’s, which I have outlined. 
The picture which I have in mind is this: suppose there are frequent thermal 
collisions between ‘vesicles’ and cell membrane. The vast majority of these 
collisions are ineffective; but when certain reactive ‘key molecules’ of the two 
surfaces happen to meet, a reaction follows which leads to a momentary local 
breakdown of the colliding surface structures and allows the ACh to escape 
by diffusion straight into the synaptic cleft. The probability of such an event 
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is extremely low, because normally the cell membrane of the nerve terminal 
contains very few ‘key molecules’. If the nerve impulse, or any applied depolar- 
ization alters the membrane so that it becomes a more highly reactive surface 
and for a moment displays more reactive molecules, then this would be ac 
companied by a corresponding large increase in the probability of successful 
collisions, and so by the synchronous release of many quanta. Calcium and 
magnesium regulate this mechanism in a specific antagonistic manner. The 
change in the membrane structure which results from a depolarization requires 
calcium as an essential co-factor, and it stops, if calcium is competitively 
displaced by magnesium. 

The attraction, to me, of the whole scheme is that it would explain why 
various experimental disturbances which act primarily on the cell surface, 
do not alter the size of the ACh-packet—this is determined by intracellular 
structures—but that surface changes alter decisively the probability of an 
event taking place. 

Now, all this is at present no more than the mere ghost of a working hy- 
pothesis, and we cannot even hold out a promise that one will be able during 
the next few years to obtain decisive experimental refutation or support for 
this idea. All I would suggest is that it may prove worthwhile to make use of 
it, and to try and tackle the problem by combined operation, with the help 
of the electron-microscope, to see whether we are approaching a stage at 
which our mental images of structure and physiological mechanism can be 
fitted together. 





MICROPHYSIOLOGY OF THE NEURO-MUSCULAR JUNCTION. 
THE CHEMO-RECEPTOR FUNCTION OF THE 
MOTOR END-PLATE! 


BERNARD KATZ 


Professor of Biophysics, University College, London, England 
Received for publication March 6, 1958 


We have discussed some of the factors which govern the release of the 
transmitter substance from the motor nerve terminals, and I should like now 
to consider the mechanism by which it produces its action on the end-plate 
membrane. When it was first suggested 20 vears ago that ACh is the chemical 
transmitter from nerve to muscle, the idea arose from two basic pieces of 
evidence, namely (a) that ACh is released in detectable quantities when the 
motor nerve is stimulated, and (b) that the effects of motor impulses can be 
reproduced by applying ACh directly to the muscle. ACh, as has been known 
for many years, is able to depolarize the end-plate region of the muscle fibre, 
and provided the depolarization is sufficiently intense, an impulse and a twitch 
are initiated. 

The significance of these observations has been disputed because of an 
apparent quantitative discrepancy. The amount of liberated ACh which can 
be recovered by perfusing the muscle is always much less than the amount 
which one has to apply in order to stimulate, and this made people wonder 
whether there was really any causal connection between the two phenomena. 
This argument is, I think, only of historical interest, and all I would like to 
say about it is that a very large discrepancy between the two quantities must 
be expected because of an enormous dilution factor: what matters, after all, 
is not the dose of ACh which one happens to pour into the bath, or into the 
circulating fluid volume, but the number of molecules which are able to reach, 
and react with, the receptors in the motor end-plate. When a quantum of 
ACh is released from a nerve terminal, it is in almost immediate contact, 
certainly within a range of 1 micron of the post-synaptic receptors. We can- 
not hope to imitate this condition by artificial drug application. The best one 
might hope to achieve is to use an extremely fine micro-pipette and by care- 
ful manipulation apply a measured quantity, electrophoretically for instance. 
close to a sensitive region of the end-plate. Dr. Nastuk, (14) and Dr. Castillo 
and I (15) have made use of this method and found that, under favourable 
conditions, a dose as small as 10~'* mol. will suffice to start off a muscle impulse. 
It is necessary in an experiment of this kind to search for critical spots of high 

‘Lecture If of The Herter Lectures delivered at The Johns Hopkins Hospital January 
21, 1958. 
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sensitivity, and one is always struck by the exceedingly sharp localization of 
such points on the surface of the fibre. A movement of 10 microns is enough 
to reduce the effect to a small fraction, and if one moves the pipette a little 
further away from the end-plate, no effect at all can be obtained. 

10-'* g.equiv. is a very small quantity, much less than what was needed 
with the coarser conventional methods of drug application, and the discrep- 
ancy between the amount applied and the quantities collected in the perfusion 
experiments has therefore been greatly diminished. But the fact remains that 
the time course of the depolarization which we produce by this refined micro- 
method is still very much slower than that of the e.p.p., and this goes to show 
that even our micro-method is relatively crude and diffuse, and bound to be 
inefficient compared with the more highly localized, close-range bombardment 
of the receptors which is achieved by a quantum of ACh released from the 
nerve. 

Nevertheless, the ionophoretic micro-method has its uses, an example of 
which is seen in Figure 11. The tip of the ACh-pipette was placed alternatively 
on the outside or inside of the post-synaptic membrane, so that the drug could 
be released either in the usual way, on the outside of the cell, or alternatively 
into the interior of the muscle fibre. The experiment gave an interesting result : 
it showed us that a dose of ACh, which is highly effective when applied to an 
end-plate from the outside, produces no effect whatever when it is injected into 
the interior of the cell. This observation suggests that the receptors are at- 
tached to the external surface of the post-synaptic membrane, which is of 
course very much in keeping with the classical view that the end-plate receptors 
are directly exposed, as they ought to be, to the transmitter substance secreted 
by the nerve terminals. 

What I should like to discuss now, is the question of how exactly ACh exerts 
its local stimulating effect. The question could perhaps be stated in more 
general terms, namely how do we imagine that a minute quantity of a specific 
substance like ACh starts off an impulse in an excitable cell? Paraphrased in 
this way, we have here a problem which is common to chemoreceptor struc- 
tures in general, to all those sensitive points in an organism where small concen- 
tration changes of some particular substance are registered and transcribed 
into propagated impulses. Looked at in this way, the end-plate potential is 
analogous to the so-called generator potential in a sensory neuron (16), that 
is the local depolarization of a receptor membrane which is produced by the 
external stimulus and which in turn gives rise to nerve impulses. One might 
even go further and regard the end-plate as a model of a sensory chemical 
receptor, one which lends itself conveniently to an experimental study of a 
chemoelectrical transducer mechanism. 

For many years, there have been indications that the primary effect of ACh 
is to lower the membrane resistance of the motor end-plate. For instance, with 
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Fic. 11. External and intracellular application of acetylcholine to a motor end-plate 
(cf. Castillo & Katz (15)). In A, an ACh-filled micropipette was placed on the outside of an 
end-plate, and a quantity of ACh was released by passing a brief outward-directed current 
pulse through the pipette (registered in }). It produced the effect shown in trace a: a de- 
polarization developing after a diffusion delay and culminating in two spikes. Between 
records A and B, the ACh-pipette entered the muscle fibre. An outward pulse produces now 
a small catelectrotonic potential, due to the passage of electric current across the fibre 
membrane. (If, for comparison, a KCl-filled micropipette is used, no potential change is pro- 
duced by the pulse until the pipette has entered the fibre, when the effect is identical with the 
electrotonic potential recorded in B, a). 


an alternating-current bridge, impedance measurements had been made on 
the innervated zone of a frog’s sartorius, and these experiments showed that 
the rising phase of the end-plate potential is accompanied by a local diminu- 
tion of the membrane resistance. Since then, more direct measurements have 
been made, and I should like to illustrate them by an experiment which was 
made under quite abnormal conditions; the conditions I think are specially 
revealing because of their abnormality. In this experiment, the whole prepara- 
tion had been placed in an isotonic solution of potassium sulphate, which 
made it reversibly inexcitable, (a) by abolishing the resting potential and (b) 
by leaving no sodium on the outside of the muscle. 


Two KCl-microelectrodes were inserted at the end-plate region, one to 
pass current through the fibre membrane, the other to record the resulting 
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‘electro-tonic’ potentials. With a given current intensity, the amplitude and 


time course of the recorded potential change gives us an indication of the 
membrane resistance. 

In Figure 13, electrotonic potentials are recorded on a slowly moving 
film. The initial membrane potential is close to zero, and the current pulses 
made the interior of the fibre positive with respect to the outside, that is, 
they produced a membrane p.d. of opposite sign to the normal resting potential. 
An ACh-filled micro-pipette was now placed close to the end-plate, the efflux 
of ACh* ions being regulated ionophoretically by suitable ‘backing’ and ‘re- 
leasing’ voltages. Whenever a small quantity of the drug was discharged, or 
allowed to diffuse from the pipette, the electrotonic potentials promptly 
declined, and the characteristically rounded time course of their rising and 
falling edges became much sharper (Figure 14), indicating that the membrane 
resistance had been greatly reduced. When the efflux of the drug was stopped, 
resistance and potentials soon recovered their initial value. 

Experiments of this kind show us that the reaction between ACh and the 
end-plate receptors can still proceed even when no sodium is present, and in the 
absence of a resting potential and of any trace of electric excitability. 

What is more, Dr. del Castillo and I found (17) that under these abnormal 
conditions, acetylcholine continues to be released spontaneously, at random 
intervals from the nerve endings; and as in normal muscle, the release occurs 
in discrete packets and produces a momentary lowering of the end-plate 
resistance. 

Quantitatively, each of these unit events produces a local shunt across the 
membrane, with a leakage resistance of the order of several megohms; but 
during the full-size normal response, a few hundred such units act together 
short-circuiting the fibre membrane by some 20 to 30,000 ohms. The quantities 
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Fic. 12. Diagram showing a muscle fibre with its I: junction, and the electrode 




















arrangement used in the experiment of Figure 13. Three micro-pipettes are employed: (1) 
and (2), containing 3M KCl, are inserted into the fibre; (3) contains ACh (about 0.5M) 
and is placed on the outer surface of the cell (from Castillo & Katz (17)). 
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Fic. 13. Effect of ACh on K.SO,-treated endplate (from Castillo & Katz (17)). The 
records show electrotonic potentials built up by outward currents across the fibre membrane, 
and the reduction of these potentials caused by ACh. In the upper portion, ACh was allowed 
to diffuse from the external pipette, during the interval AB, and again during CD. In the 
lower portion, a prolonged electrotonic potential was set up at A, and a brief ACh-pulse 
applied at B (repeated later, with three ACh-pulses) 


were derived by Dr. Fatt, del Castillo and myself from measurements of the 
voltage-current relations across the membrane with a pair of intracellular 
electrodes, similar to the experiment in Figure 13. 

These quantities have some interesting consequences, and it will be worth 
considering for a moment what they really mean. The implications are that 
the polarized surface of the muscle fibre, with its normal resting potential of 
about 90 mV, can discharge itself through this highly localized ‘sink’ in 
the motor end-plate. 

Let us look at the unitary event, the miniature e.p.p. A shunt resistance 
of roughly 5 to 10 M @ is associated with this event, and this may strike you 
as rather a large value and not a very impressive change in the insulating 
properties of the end-plate membrane. Yet, if we consider the extremely 
localized nature of the change, the quantities assume a different aspect. Now 


it is not easy to make a really sound estimate of the size of the receptive area 
which is involved in the production of a miniature e.p.p. But we know that 
the current flow into the local sink reaches a maximum within a fraction of 
a millisecond, and it is hard to believe that, during such a brief period, a 
packet of ACh can diffuse very far from its initial point of release; it is unlikely 
to spread over more than 10 or 20 square microns of receptive surface, including 
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Fic. 14. Effect of ACh on K.SO,-treated end-plate. Comparison of electrotonic po- 
tentials, before and immediately after a pulse of ACh had been applied. Amplitude of larger 
potential (no ACh present) is about 70 mV 


any folds in the subjacent membrane. So, it would seem that the impact of 
ACh reduces the resistance of, perhaps, 10-20 square microns of membrane 
to about 5 or 10 M Q which is equivalent to around 1 ohm X cm*. 

If we compare this with the insulation resistance of the resting membrane 
which is several thousand times higher, we have here an almost complete 
breakdown of the insulating properties, something apparently much more 
drastic than what is known to occur during the wave of electric excitation 
elsewhere in the fibre. 

The situation appears even more intriguing if we consider that our 5-10 
M © includes not only the residual local membrane resistance, but in series 
with it a resistance due to the ‘bottleneck’ formed in the adjoining fluid. This 
might be an important factor, not only because of the constriction of current 
lines which converge into the localized sink, but because of the restrictions 
imposed by narrow crevices between pre- and postsynaptic cell membranes. 
If one looks at some of the recent electron micrographs of the neuro-muscular 
junction, one has every reason to wonder where the limiting factor actually 
is, whether in the receptors themselves or in the lines of approach to them. 
Let me illustrate the point: suppose you were to make a submicroscopic 
puncture in the fibre membrane, leaving a hole of 0.14 diameter. The membrane 
resistance and resting potential at that point would disappear, but the flow 
of current through the leak would be severely limited by the resistance of the 
constricted pathway on either side of it, amounting in this case to some 10 M 
2. Now, the active area during our miniature e.p.p. is larger than this, but 
on the other hand we have to contend with the peculiar restrictions to current 
flow in the synaptic folds and clefts, and it seems that a good deal more work 
is needed to find out what their resistance exactly amounts to. I should find 
it a little hard to believe that nature would allow the resistances of extraneous 
clefts to interfere with neuro-muscular transmission or to limit its safety 
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margin. One would prefer to think that the intensity of the process is regulated 
by the intensity of the chemical reaction at the receptor level. By the way, | 
have had a reassuring discussion on this point with Professor Couteaux from 
which I gather that the width of the extracellular channels in the synaptic 
crevices leaves us adequate scope for our physiological requirements (22, 23), 
but there remains the possibility that further resolution by the electron- 
microscope may force us to revise this view. 

Whatever the outcome of this particular problem may be, these arguments 
all support the view that the depolarizing effect of ACh is accompanied, and 
presumably is caused, by an effective lowering of the membrane resistance 
within the end-plate. 

Our next question then is: what causes the lowering of the membrane resist- 
ance? It is frequently assumed that when you observe an increase in the con- 
ductance of a cell membrane, this signifies increased ionic permeability. This 
is usually true, but it need not be so. There is an alternative possibility which 
ought to be borne in mind: suppose you make available a new species of ions 
like ACh, ions which are normally not present on the outside of the membrane, 
but are suddenly placed there by neuro-secretory activity. And suppose that 
the receptive area of the endplate membrane has a number of specific patches, 
which are at all times capable of transporting ACh selectively into the interior 
at a very high rate. If this were the case, then the lowering of resistance, and 
the depolarization, could be attributed simply to the rapid transfer across 
the cell surface of the acetylcholine cation itself, without any change of perme- 
ability having to take place. 

This possibility was taken quite seriously by us at one time, but Dr. Fatt 
and I decided that it must be rejected on quantitative grounds. There is 
really quite an elementary way of settling this point: if the end-plate potential 
were to arise by transfer of the acetylcholine cations into the interior of the 
cell, then the flow of electric charge across the membrane during this process 
cannot exceed the charge carried by the acetylcholine ions themselves. But in 
fact, the total number of coulombs transferred across the end-plate membrane 
exceed the equivalent amounts of acetylcholine liberated by an impulse enor- 
mously, and the incongruity of the hypothesis can be shown up even in the 
relatively crude experiments in which ACh is applied from a micropipette. 

Figure 11 illustrated the fact that ACh must be applied from the outside 
to the end-plate in order to be effective. The figure also shows that the depolar- 
ization cannot be due to a transport of ACh ions into the interior. 

We have here two different situations: When the pipette is in the cell, a 
certain positive coulomb charge is passed from the pipette into the fibre and 
leads to the recorded electrotonic potential. Now with the pipette outside, 
we apply the same coulomb quantity near the external surface. If the resulting 
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effect were to be due to selective entry of ACh* ions into the fibre, you could 
not under any circumstances get a larger effect than by injecting the same 
coulombs, whether in the form of Ach* or any other cation, directly into the 
inside. Indeed external application should give much less, because a large 
part of the discharged substance is wasted in the outside fluid and only a small 
fraction of the ACh ions has a chance of colliding with the receptors and so, 
of passing into the fibre interior. The result is so completely contradictory 
to this hypothesis that we need not consider it any further. It is clear that 
the coulomb-equivalent of the acetylcholine which we have applied is much 
less than the resulting flow of charge across the activated part of the cell 
membrane, and this brings us back to the alternative explanation namely 
that ACh in some way increases the permeability of the cell surface and, as 
it were, opens a gate to some, or all the ions which are present on either side 
of the membrane. 

We conclude, therefore, that a small amount of transmitter causes a large, 
greatly amplified current to flow through the end-plate surface, and it does 
so by raising the permeability to some of the ions which are present, and whose 
flux is normally restrained by the relative ionic impermeability of the cell 
membrane. 

This process seems extraordinarily well designed for the purpose of trans- 
mitting excitation from a minute structure of high impedance such as a 1 or 
2u nerve ending, to a relatively huge cell, such as a 50 or 100u muscle fibre. 
We know that direct electric transmission does not take place, and that the 
effective cable linkage which exists along a continuous nerve or muscle fibre, 
is broken at the synapse: but even if there were protoplasmic continuity, the 
nerve ending and the muscle fibre are, electrically, so badly ‘mismatched’ that 
the nerve action current would probably make little impression on the voltage 
of the muscle membrane. 

Instead of the cable link or, as we call it in physiological verbiage, the elec- 
trotonic current, we have the release of a specific substance which produces, 
as it were, a chemical puncture of our end-plate and allows some microamps 
of current to pass through it, carried by the ions which are prevalent in the 
surroundings. 

The next question which concerns us now is which kind of ions take part 
in the end-plate current and in the underlying permeability change? Is it 
just sodium, as during the rising phase of the spike (24), or is it both sodium 
and potassium, or perhaps all free ions which happen to be about? In other 
words, does ACh produce a highly-selective permeability change, like the 
specific increase of sodium-conductance which is associated with electric 
excitation, or does it open up indiscriminate channels in the membrane, some- 
thing like a local chemical disruption, in which a phase-inversion or a change 
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in the molecular shape of some lipo-proteins occurs, which causes some spots 
in the membrane to come apart and temporarily to lose their insulating prop- 
erties. 

It is possible to obtain certain clues by determining the ‘null-point’ of the 
potential change, that is the level of the membrane potential at which the 
e.p.p., or the electric change produced by ACh reverses its sign. This reversal 
point is of some diagnostic value; for if one knows approximately the activities 
of the principal ions on either side of the cell membrane, then one can predict 
the reversal point, i.e. the equilibrium level towards which the membrane 
potential will be driven, if the permeability to one of these ions, or to a com- 
bination of several of them, were suddenly to increase. The reversal point 
indicates the level of potential at which the driving forces, that is the electrical 
and the concentration gradients, for these ions just neutralize each other. This 
‘null-point’ method has been used most effectively in the squid giant axon 
by Hodgkin & Huxley (24) who have shown that for the rising phase of the 
spike, the null-point is close to, or identical with, the equilibrium potential 
for sodium ions, and therefore that the permeability change which gives rise 
to the spike is highly selective for sodium. 

We have used a similar method for the e.p.p., and tried to locate the null- 
point at which the e.p.p. reverses sign. The experiment is bedevilled by several 
technical difficulties, and a high degree of accuracy cannot be hoped for. The 
most direct approach would be to produce a steady displacement of the mem- 
brane potential by an applied current, and see what happens to the e.p.p. 
or the associated membrane current—produced by a superimposed nerve 
impulse. Now in order to reach the reversal point we would have to work on 
a heavily depolarized muscle membrane. For this purpose, we should have to 
pass a strong current through the fibre, and the trouble with this is that we 
could hardly avoid setting up a series of spikes and strong contractions in the 
fibre which would almost certainly cause serious damage in the region of 
our intracellular micro-electrodes. To overcome such difficulties we used 
another method. We started a spike somewhere near the end of the muscle, 
and let it sweep past our end-plate region. We then superimposed a nerve 
impulse and timed it so that it released its ACh at various moments, and 
therefore at various levels, during the passage of the propagating potential 
wave. In other words, we used the direct muscle spike to pre-set the membrane 
potential to different levels, and superimposed the transmitter action at a 
number of selected points. Normally, the e.p.p. is seen as an upward deflexion 
from the baseline; the question was, what would happen to the e.p.p. when 
it is initiated near the top of the muscle spike. 


Figure 16 illustrates an experiment in which the nerve impulse was timed so 
that its transmitter effect coincided with the crest of the directly excited 
potential wave. It is clear that the ‘e.p.p.’ deflexion went ‘down’ instead of 
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Fic. 15. The initiation of a muscle action potential (from Fatt & Katz (18)). This figure 

illustrates the transition of the electric response from the end-plate region to the rest of the 
muscle fibre. The micro-electrode was moved along the fibre and inserted at the distances 
shown in the inset. Note the gradual changes in the shape and delay of the action potential. 
Inset: the time of the peak of the spike is plotted against distance, showing a propagation 
velocity of about 1.4 m/sec. in both directions from the nerve-muscle junction (at position 
5 and 6). 
‘up’: the action potential dropped to a lower level, a little past the zero-level 
where it lingered before finally returning to the original baseline. A more 
extensive series of tracings is shown in Figure 17, from another end-plate in 
which several intervals between nerve impulse and muscle spike were examined. 
It appears that in all these cases, the transmitter causes the membrane potential 
to move toward a level which is somewhat below the zero-line, and that this 
action slightly outlasts the peak portion of the muscle spike. 

We concluded from these results that the ‘equilibrium position’ for the e.p.p. 
is considerably lower than that of the spike. The null-point for the end-plate 
potential appears to be near the zero-line, slightly displaced towards the 
resting level. Our best estimates place it somewhere between 10 and 20 mV 
below zero (Figs. 17 and 18). 

The same conclusion has been reached by Drs. Burke and Ginsborg who 
studied the junctional potential in the slow muscle fibres of the frog (25). 
These fibres provide, in a way, a more convenient experimental material 
because their response to a single nerve impulse consists only of an e.p.p. 
and a slow and very weak contraction; there is no propagated spike or twitch 
to interfere with the records. Burke and Ginsborg were, therefore, able to 
apply the nullpoint method more satisfactorily than is possible in the fast 
twitch fibres; they could displace the membrane potential by steady current 
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Frc. 16. Intracellular recording from end-plate of frog’s sartorius (see Castillo & Katz 
(20)). The muscle was stimulated directly at the nerve-free end and, in adéition, a nerve 
impulse was made to arrive at the junction during the passage of the directly excited muscle 
action potential. The larger of the two records is a simple muscle spike. The arrow indicates 
the commencement of the ‘neural’ action. The release of the transmitter, at this moment, 
causes the action potential to decline towards a transient plateau, some 10 mV below the 
zero-potential line. (The two bottom traces show extra-cellular potentials, recorded with the 
electrode just withdrawn from the muscle fibre, during direct (M) and combined (MN) 
stimulation respectively). 


to various required levels and found, in a more direct fashion, the point at 
which the reversal of the junctional potential takes place. 

This level, 10-20 mV below the zero line, might be interpreted in various 
ways, for example by a combination of high Na and high K permeabilities. 
Alternatively, a local short-circuit of the end-plate membrane through which 
all free ions were able to diffuse momentarily without restraint would give a 
null-point about 15 mV below the zero-line, as was found. What we can say 
with certainty is that other ions besides sodium must play a part in the estab- 
lishment of the end-plate potential, otherwise the reversal point would be the 
same as for the spike, that is well on the other side of the zero-line. Our present 
conclusion was evident already from the K.SO, experiments which showed 
that the action of ACh on membrane permeability persists even though the 
sodium has been removed. This has been further confirmed by the recent 
experiments of Dr. Furukawa and his colleagues (25a) who found that a 
substitution of ammonium ions for sodium, while abolishing the spike, does 
not reduce the spontaneous miniature potentials, nor does it interfere with 
the depolarizing action of applied ACh. It appears that there are a variety 
of cations which can pass through the ACh-operated membrane channels 
without much discrimination. It remains to be seen whether the channels 
are open to all ions of passable size, or perhaps only to those carrying a single 


positive charge. 
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Fic. 17. Superimposed tracings of records from a single end-plate, showing the inter- 
action, at various phases, between nerve-muscle transmitter and directly excited muscle 
spike (from Castillo & Katz (20)). M: response to direct stimulation. V: response to a nerve 
impulse. MN : modified response due to combined M and N stimuli. The arrows indicate the 


start of the V-responses. 


We have now a satisfactory explanation of the complex features of the 
electric response which one records at a frog end-plate during the normal 
process of transmission (Fig. 15). The shape is complicated because there 
are going on side-by-side two different reactions, of slightly different time 
courses, and tending to move the membrane potential towards different levels. 
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Fic. 18. Diagram illustrating the direction of the e.p.p. which the neuro-muscular trans- 
mitter produces if it is released at different phases of the muscle spike. The arrows indicate 
the direction and relative magnitude of the potential change due to the release of the trans- 
mitter. The shaded band shows the approximate level at which the e.p.p. reverses sign 
(from Castillo & Katz (20)). 


There is, first, the reaction between ACh and the receptors which depolarizes 
the membrane towards a level 10-20 mV below the neutral line. Superimposed, 
and arising from this change, we have the spike which drives the potential of 
the muscle membrane towards the sodium level, about 40-50 mV on the other 
side. It is as though we had a resultant between two batteries connected in 
parallel, with different internal resistances and different electromotive forces. 
Their interplay produces a characteristically complex wave shape, with the 
end-plate potential forming an initial step; a somewhat reduced and abbrevi- 
ated spike arises from it, whose falling phase then displays another bulge 
near the zero line, caused by a surviving residue of the transmitter action. 

[t is of some interest that a localized change at the end-plate can modify 
so drastically the shape of an action potential produced by a much larger 
membrane area. This is an impressive sign of the intensity and thoroughness 
of the resistance breakdown which the transmitter is able to produce within 
the end-plate region. | emphasize this ‘is able to produce’ because at many 
end-plates, even in normal muscle, the transmitter action is too weak to 
produce such significant changes. What one observes then is that the e.p.p. 
rises more slowly; it may still be strong enough to initiate a spike—for 
this requires only one-tenth of the conductance change which I have described 
here——but the shunting is then not powerful enough to make much impression 
on the further course of the spike. This has been borne out by a variety of 
observations, on ‘low-safety’ junctions encountered in normal muscle, on all 
junctions in subnormal muscle, treated with subparalytic doses of curare, 
magnesium and other agents. The point may be obvious enough; but it is 
worth emphasizing because its neglect may cause unnecessary confusion. 





earns 





' 
E 
' 
f 





I 
frog 
leve 
Dey 
(low 


tion 


I 
aris 
no} 
twe 


bre 





ans- 
cate 
ans- 


sign 


IZeS 
sed, 
| of 
her 
| in 
ces. 


the 
iIge 


ify 


ger 


hin 











MICROPHYSIOLOGY OF THE NEURO-MUSCULAR JUNCTION, II 





Fic. 19. Reversal of the ‘small-junctional potential’ (s.j.p.) in a slow muscle fibre of the 
frog. (From Burke & Ginsborg (25)). The membrane potential is displaced from its resting 
level (third record from below) by passing rectangular current pulses through the membrane. 
Depolarization upwards. The amplitude of the s.j.p. increases with ‘hyperpolarization’ 
(lowest two records), and diminishes and eventually reverses with increasing ‘depolariza- 
tion’. Scales: 20 mV and 0.1 sec 


It appears then that the e.p.p., and the responses which follow from it, 
arise from an intense primary conductance change which is due to a relatively 
non-selective increase of ionic permeability. It seems that a combination be- 
tween ACh and the chemo-receptors of the end-plate induces an immediate 


breakdown of the local insulating properties of the membrane. 
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The question has been raised whether a similar process might account for 
the quite different, inhibitory, result which ACh produces as the vagal trans- 
mitter in the pace-maker region of the heart; and the answer seems to be ‘yes’, 
the only difference being in the type of ionic channel which is being opened. 
Inhibition appears to result when the permeability to potassium, and to 
chloride, increases but not to sodium as well (26). In this case, the membrane 
potential is driven to, and stabilized at, a high level of the resting potential; 
this inhibitory effect is usually accompanied by a ‘hyperpolarization’, though 
as Drs. Kuffler & Eyzaguirre have rightly pointed out (27), the real criterion 
of inhibitory action is simply that the membrane potential is prevented from 
falling to the firing level. 

Our experiments have carried us thus far and no farther: we can be fairly 
confident that the primary event in our chemo-receptor action is an altera- 
tion of ionic permeability. But when we begin to ask: what is the nature of 
the chemical change which must undoubtedly precede this effect, we find 
ourselves still very much in the dark. To say that the reaction involves a change 
in a receptor protein with which ACh combines, is little more than a truism 
There are indications, as indeed one might expect, that the kinetics of the 
reaction have much in common with ordinary enzyme processes. The obvious 
difficulty is that the activity of receptor proteins, unlike that of enzymes, 
cannot be tested after removal from their cellular organized environment. It 
is possible to explore some of the kinetic properties of the end-plate receptors 
with the help of the high-speed ionophoretic technique which I have mentioned 
earlier on (28-30), and some interesting findings have indeed been made with 
this method. There are other promising techniques, involving the histochemical 
use of drugs, and of labelled irreversible inhibitors, a method which has recently 
been applied by Chagas and his colleagues (31) to the receptor proteins in 
the electric organ. And in concluding, I think it is as well for us to acknowledge 
that we are confronted here with a problem which is harder and more chal- 
lenging than the ones that can be solved simply by electrophysiological micro- 
techniques. 
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Small amounts of carbon tetrachloride (CCl,), administered by stomach 
tube to experimental mammals, are extremely toxic. Gardner and his co- 
workers (1) found 0.5 cc./kg. will produce centrolobular liver necrosis in the 
dog; and as little as 0.1 cc./kg. given orally to rabbits will produce the same 
lesion. Hall and Shillinger (2) noted no apparent toxicity in 13 chickens given 
CCl, by stomach tube. Nine chickens received single doses of as much as 20 
cc. ‘kg. and 4 chickens received multiple doses, the largest totalling 35 cc./kg. 
These birds, when killed 3 to 12 days later, “‘appeared normal except for some 
evidence of inflammation in the small intestine’. Hall and Shillinger did not 
mention the appearance of the liver specifically; and there were no histological 
reports. In fact nowhere in the medical literature are any histological studies 
of the effect of CCl, administration in fowl to be found. 

In an attempt to produce liver cell damage in various species for compara- 
tive pathological data, the chicken was again used as an experimental subject. 
Three chickens were given CCl, by stomach tube in a single dose of 20 cc./kg. 
of body weight. These birds were killed 48 hours later, and, as with the fowl 
of Hall and Shillinger, showed no gross lesions at autopsy. The livers of these 
birds were examined histologically, and were found to be entirely normal. 

In view of the failure of the intestinal route to produce hepatic injury in 
fowl, subcutaneous injections of CCl, were made to investigate whether this 
route of administration might facilitate absorption of this poison and result 
in damage to the liver. 


EXPERIMENTS 


There were two series of experiments. In the first series, 27 Plymouth Rock 
hens, 3 months of age and weighing approximately 1.5 to 2 kilograms were 
used. They were fed a standard mash composed of ground corn, barley, wheat 
brain, middlings, oats, soya bean and oil meal, ad lib; water was available at 
all times. Eight of the hens were used as controls, receiving single or repeated 
injections of sterile saline solution, or a more irritating glycerine solution, 
subcutaneously; 5 additional control hens received no injections, but were 
used for normal histological study. Using aseptic technique, 14 hens were 
injected subcutaneously with chemically pure CCl, in doses of 20 or 10 cc./kg. 
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Effect of Subcutaneous Administration of CCl, in Hens 


Total No 


ELLA H. 


Total cc 


TABLE | 


Survival Time 


OPPENHEIMER 


Liver Lesions 


Hen No —_ = Weekly CCh After Last -—-~ ws Hyper 
njections Injected Injection Fat plastic Necniatita 
nodules 
19 20 1 42 48 Hrs. K 0 0 0 
17 20 1 42 48 Hrs. kK 0 0 0 
24 10 2 24 48 Hrs. K 0 0 0 
9 10 2 39 48 Hrs. K +++ + 0 
31 10 2 43 24 Hrs. D ++++ 0 0 
34 10 2 46 7 Days D* 0 0 0 
33 10 2 49 7 Days D* +++ 0 0 
85 10 3 34 48 Hrs. K 0 0 0 
84 10 3 34 48 Hrs. K 0 0 0 
25 10 3 37 48 Hrs. K 0 0 0 
26 10 + 72 48 Hrs. K ++++ + 0 
28 10 5 95 3 Days D +--+ + + 0 0 
30 10 5 91 2 Days D +++-+ 0 0 
29 10 5 99 7 Days D +++ + 0 
Controls Dose Total cx 
Hen Saline in Saline 
No. ce g. Injected 
3 10 1 20 1 Hr. K 0 0 0 
4 10 1 20 1 Hr. K 0 0 0 
27 10 1 20 2 Wks. K 0 0 0 
23 10 1 20 3 Wks. K 0 0 0 
20 10 1 20 3 Wks. K 0 0 0 
Controls Dose Total ce 
Hen Glycerine Glycerine 
No. Sol. cc./kg. Sol. Injected 
90 10 2 27 48 Hrs. K 0 0 0 
89 10 3 41 48 Hrs. K 0 0 0 
81 10 4 58 48 Hrs. K 0 0 0 
Controls No 
_ Injec tions 
5 0 0 0 K 0 0 0 
7 0 0 0 K 0 0 0 
8 0 0 0 K 0 0 0 
12 0 0 0 K 0 0 0 
14 0 0 0 K 0 0 0 


* Accidently choked during third injection. 


of weight, as noted in Table I. Many birds receiving multiple injections of 
CCl, subcutaneously developed an intense cellulitis locally, and this was asso- 
ciated with necrosis of the overlying skin and adjacent muscle. Unfortunately 
this predisposed to infection. None of the infected birds in this and subsequent 
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Explanation of Illustrations 
(Photographs by Miss Patricia Whitney) 
Photomicrographs of liver, stained with hematoxylin and eosin. 


Fic. 1. Low power of liver, of Hen, No. 31, showing diffusely fatty liver, with all liver 
cells distended with fat. This hen had received 2 weekly subcutaneous injections of CCl, ; 
total amount of CCl, injected was 43 cc. Death occurred 24 hours after last injection. 

Fic. 2. Low power of liver of Hen No. 9, showing diffusely fatty liver and a nodule of 
fat-free liver cells about central vein. This hen had received 2 weekly subcutaneous injec- 
tions of CCl, ; total amount of CCl, injected was 39 cc. Killed 48 hours after last injection. 
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experiments are included in our observations. No cellulitis or infection occurred 
in the control hens receiving saline solution, and although multiple injection 
of the glycerine solution produced cellulitis no infection occurred. The 13 
control hens, killed at intervals during the experiment, showed no gross or 
microscopic hepatic lesion. 

Two of the 14 experimental hens were given single subcutaneous injections 
of CCl,; the remaining 12 hens received 2 to 5 weekly subcutaneous injections 


TABLE II 


Effect of Subcutaneous CCl, in Roosters 


a Total No. us ua , = a Lesions in Liver 
Rooster Dose CCl, in Weekly Fotal cc. CCl, |Survival Time after Killed or 
o cc. /kg. Injections Injected Last Injection Died Fatty ees 
liver | * 2: 
10 10 1 17 12 Hrs. D 0 0 
11 10 1 17 48 Hrs. K 0 0 
15 10 1 17 48 Hrs. K 0 0 
14 10 1 18 12 Hrs. D 0 0 
91 10 2 30 5 Days D 0 0 
16 10 2 38 48 Hrs. K 0 0 
26 10 2 41 48 Hrs. K 0 0 
17 10 3 53 48 Hrs. K 0 0 
27 10 3 54 48 Hrs. K 0 0 
24 10 3 60 68 Hrs. K 0 0 
18 10 4 69 48 Hrs. K 0 0 
22 10 4 81 48 Hrs. K 0 0 
28 10 5 84 48 Hrs. K 0 0 
21 10 5 91 48 Hrs. K 0 0 
23 10 5 93 48 Hrs. K 0 0 
25 10 5 94 48 Hrs. K 0 0 
Control Dose Total cc 
Rooster Saline Saline 
10 cc. /kg. Injected 
1 10 1 20 48 Hrs. K 0 0 
13 10 1 20 1 Wk. K 0 0 
Control Dose Total ce. 
Rooster Glycerine Glycerine 
No. cce./kz. Injected 
93 10 2 36 48 Hrs. K 0 0 
97 10 3 61 48 Hrs. K 0 0 
98 10 4 79 48 Hrs. K 0 0 
100 10 4 85 48 Hrs. K 0 0 
83 10 4 59 48 Hrs. K 0 0 
Control I 
— eleetion 
82 0 0 0 K 0 0 
84 0 0 0 K 0 0 
85 0 0 0 K 0 0 
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of CCl. Eight hens were killed 48 hours after their last injection; 6 hens 
injected with CCl, died. Two of these deaths resulted from accidentally chok- 
ing the birds. In spite of the large amounts of CCl, received, 7 of the 14 test 
hens showed no gross or microscopic changes in the liver; the other 7 hens 
receiving subcutaneous CCl,, at autopsy showed a markedly fatty liver. 
Microscopically, the liver cells were almost uniformly distended with fat 
(Fig. 1). It is interesting that in 3 of the fatty livers, there were foci of fat-free 
liver cells, such as one sees in early cirrhosis (Fig. 2). 

The second experiment was similar to the first, substituting roosters for 
hens. Twenty-six roosters were used and received the same diet as the hens. 
Sixteen of the roosters were given subcutaneous injections of CCl. Seven 
control roosters were given subcutaneous injections of saline or glycerine 
solution; and 3 control roosters were not given any injection. When the con- 
trol roosters were killed at weekly intervals, their livers showed no gross or 
microscopic lesion. The amounts of CCl, injected in the experimental roosters 
are summarized in Table II. In spite of the large amounts of CCl, received, no 
experimental rooster showed any gross or microscopic liver damage. 

DISCUSSION 

Chickens of unspecified sex have previously been shown by Hall and Shil- 
linger (2) to be peculiarly resistant to injury from CCl, administered by stom- 
ach tube. In this series of experiments it is apparent that chickens are also 
highly resistant to toxic injury when CCl, is injected subcutaneously. How- 
ever, when huge amounts of CCl, are given by this route, hens are more sus- 
ceptible than roosters to this poison. None of 16 roosters developed a fatty 
liver when given as much as 20 cc./kg. in a single injection, or a total of 94 
cc. in multiple injections. On the other hand, 7 of 14 hens developed massive 
fatty infiltration of the liver following similar injections; and in 3 of these 
hens, foci of fat-free liver cells were observed, such as is seen in early experi- 
mental cirrhosis. These lesions seemed to bear some relation to the amount 
of CCl, injected, as they were only found after multiple injections. In experi- 
mental mammals, centrolobular hepatic necroses occur as a result of CCl, 
poisoning. No liver cells necroses followed CCl, administration in our chickens. 

The cause of the difference in the reaction of hens and roosters to CCl, 
administered subcutaneously remains unexplained. It is known that whereas 
the high glycogen content of the liver in dogs fed a high carbohydrate diet 
protects the liver cells against injury from CCl, a high fat diet predisposes 
to the hepatic injury (3, 1, 4, 5) and (6). Many investigators have shown that 
the blood lipid level of the mature hen is much higher than that of the im- 
mature hen or rooster, the range of the latter two recorded at only 88 to 155 
mg. per cent, while the total blood lipids of the mature hen, although fluctuant, 
are much higher (7, 8). Since a high fat diet predisposes to hepatic injury by 
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CCl,, in the dog, this difference in the blood lipid level of the rooster and 
mature hen might seem a possible clue to the greater susceptibility of the hen 
to CCl, poisoning. Estrogenized roosters will develop a high blood lipid 
level in one week (9), and therefore might seem an ideal fowl with a high 
blood cholesterol to test for CCl, toxicity. A number of roosters were estrogen- 
ized and tested with CCl, in the present experiments, and some of these birds 
developed fatty livers. However, it came to our attention that fatty livers 
have been seen in estrogenized roosters (8) and (10). These experiments were 
therefore abandoned as it was felt that the development of a fatty liver in an 
estrogenized rooster given CCl, could not be used as evidence of that drug’s 
toxicity. 

The cause of the species difference between the reaction of fowl and mam- 
mals to CCl, administration remains unanswered. Small doses of CCl, whether 
given orally or subcutaneously are extremely toxic to mammals. In rabbits, 
0.2 cc./kg. subcutaneously result in centrolobular necrosis (11) and (12); and 
0.2 cc./kg. in rats (13) and (4) will have the same effect. On the other hand, 
the present experiments show an amazing resistance of the liver of the rooster 
to huge doses of CCl, given subcutaneously. Hens, too, are peculiarly resistant 
to CCl,. None developed centrolobular necrosis of the liver; and only 50 per 
cent of the hens given CCl, subcutaneously in huge doses developed a fatty 
liver. The diet fed our chickens was composed of about 70 per cent carbohy- 
drate, 17 per cent protein, 3 per cent fat and 7 per cent inert fibers. One may 
speculate that the high carbohydrate intake of chickens may be the mecha- 
nism protecting them from hepatic injury from CCl, just as a high carbo- 
hydrate diet in dogs protects from injury by CCl. Possibly, in the presence 
of the high blood lipid level of the hen this protective mechanism is partially 
overcome. 


SUMMARY 

Oral doses of CCl, sufficient to kill a laboratory mammal, have no effect 
in chickens. However, there is a sexual difference in the reaction of fowl to 
large doses of CCl, given subcutaneously. Roosters, given large amounts of 
CCl, by single or multiple weekly subcutaneous injections failed to show any 
alteration of liver structure when killed 48 hours after the last injection. Hens, 
similarly treated, showed no centrolobular necrosis in the liver, but 50 per 


cent of the hens so treated did develop a massive fatty alteration of the liver; 
and in 3 of the 7 hens with a fatty liver, foci of fat free liver cell were seen, 
similar to nodules in an early cirrhosis. It is suggested that the low blood lipid 
level of the rooster protects him from injury by the hepatotoxic CCl,, whereas 
the higher blood cholesterol level of mature hens makes them somewhat sus- 
ceptible to injury by this drug. 
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THE STUDY OF SERUM MUCOIDS IN CERTAIN CHRONIC DISEASES 


Winston H. Price, Sipney HARSHMAN, HARRIET GUILD, GERTRUDE BRAMLEY 
AND R. LACHAINE 


A longitudinal study involving clinical, field, and laboratory investigations has been 
carried out on 423 children who were either clinically ill or who had a history of rheumatic 
fever, rheumatoid arthritis, lupus erythematosus, dermatomyositis, periarteritis, nephrosis, 
acute glomerulonephritis, collagen vascular-like illness, or allergic conditions. Families of 
some of the above children, together with control families were also studied. A large number 
of different laboratory tests were performed on these patients and the normal controls in 
the hope of uncovering a change in laboratory tests which might correlate with the develop- 
ment of disease. The results of these studies suggested that the serum mucoids might serve 
as an indicator of the clinical and subclinical diseases mentioned above. 

Many other workers had previously noted a correlation between elevated serum mucoids 
and certain diseases, but it was usually considered to be a non-specific response comparable 
perhaps to the rise in C-reactive protein. However, in the close follow-up of children recovered 
from rheumatic fever it was observed that while the mucoid levels returned to normal in 
most children, in others it did not. Since there seemed to be no other apparent reason for 
this elevation, these results suggested that serum mucoid levels might be an indication of 
subclinical disease and, therefore, a different phenomenon from the C-reactive protein. 
Similar results were obtained when the diseases listed above were studied. These results and 
others which indicated a close relationship between serum mucoid levels and disease, to- 
gether with a consideration of the pathogenesis of the diseases being investigated, suggested 
the possibility of the mucoids being biochemically different. This and the tentative conclusion 
from Winzler’s electrophoretic diagram that serum mucoid contains several components 
led us to try to.fractionate them, since if the hypothesis were correct, it was possible that 
different diseases might show different mucoid patterns. Chromatographic methods are 
known to have high resolving properties for proteins as well as smaller molecules. A method 
was developed by Harshman which separates quantitatively the serum mucoid from normal 
healthy individuals into three distinct fractions. 

Using Harshman’s method the serum mucoid patterns of the rheumatic fever children 
were studied and all were found to be qualitatively different from the healthy controls, as 
may be seen in the Table. To obtain some idea of the specificity of the method the patterns 
of serum mucoid from other diseases were similarly examined. Their patterns are given in 
the Table, along with the number of cases analyzed for each disease. It can be readily seen 
that various diseases have different chromatographic patterns. The location of each frac- 
tion was remarkably reproducible, being +4 tubes in all diseases except one. The variation 
in position of the component found at tube 148 in the second mental illness pattern was +7 
tubes. An artificial mixture of the fraction at 110 in collagenvascular disease and 123 in 
myocardial infarction was readily separated by rechromatographing; the two peaks being 
again at 110 and 123. 


In addition to the patterns shown in the Table, children with rheumatoid arthritis may 
also show a pattern in which they have only 2 of the normal fractions and the fraction found 


at position 110. 


In some of the diseases the pattern depended upon the stage of the illness during which the 
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sample was taken. Thus, a child who had periarteritis showed on the first bleeding the pat- 
tern for this disease given in the Table, but a subsequent bleeding 7 months later showed a 
pattern for lupus erythematosus, although the clinical diagnosis was still periarteritis. An- 
other patient with lupus erythematosus who had been asymptomatic for 5 years showed a 
pattern with peaks at positions 44, 70, and 115. In such diseases as rheumatic fever and in 
cases of old myocardial infarction (OMI of the Table) there is a complete change to the nor- 
mal pattern after an interval of time (Table). 

There seemed to be no relationship between the severity of the acute clinical disease and 
the pattern. Very mild cases of a disease showed the same pattern as severe cases. 

It is not clear at the present time whether there are really 3 groups among the mentally 
ill patients or whether there is just a greater biological variation from a single pattern. 
Furthermore, there is no relationship between the type of mental illness and the inclusion 
in one of the 3 groups. 

Although such diseases as nephrosis, nephritis and other diseases show fractions that are 
found in the same position as fractions seen in normal individuals, chemical and immunologi- 
cal studies which are in progress will have to be completed before the nature of these com- 
ponents will be known. Chemical and immunological studies of the abnormal fractions seen 
in the various diseases shown in the Table may also lead to a better understanding of the 


pathogenesis of these diseases. 


Average Position of Seromucoid Fractions for Each Disease 
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KEY TO TABLE 
Numbers on left hand side indicate number of individuals studied in each group. 
The individuals with high and low mucoproteins (MP) under the acute rheumatic fever cases 
were all clinically recovered from their disease. 
CAD + AP indicates coronary artery disease with angina pectoris and CAD + OMI indicates 
coronary artery disease with old myocardial infarction. 
The cancer cases studied included 5 prostatic cancers, 1 gastrointestinal cancer, 3 lung cancers 
and 1 hypernephroma. 
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Some patterns appear not to fit into their expected place. Four individuals who had severe 
angina showed a pattern typical of myocardial infarction. One 67-year-old man who had an 
abnormal ballistocardiograph and a questionable EKG, but who had no history of angina, 
showed a pattern for angina pectoris. 

Although all the cancer cases in the Table showed the same pattern, the ratio of heights 
of the 110 to 167 peaks was 3:1 for the 3 cases of lung cancer, whereas the ratio in the other 
cases of cancer was about 1:1. 

Further work has shown that a limited number of children with collagen vascular disease 
who appeared clinically well still showed abnormal patterns, usually characteristic of the 
disease they originally had. Preliminary results suggest that reversion to the normal pattern 
occurs much more frequently in rheumatic fever than in other collagen vascular diseases of 
children. A few hypothyroid and hyperthyroid children who have been treated so they are 
clinically well, one child having been under treatment for five years and clinically well, still 
show the pattern associated with the disease. 

It is of some interest that the disease patterns shown in the Table do not consist merely 
of new fractions added to the normal pattern. In most instances one or more of the normal 
components is missing, a fact that may have special significance in the pathogenesis of some 
of these diseases. Before concluding it may be worth noting that in 2 patients who suffered 
simultaneously from two diseases, the serum mucoid pattern did not follow the pattern ex- 
pected of either disease. 

It may be concluded that the present results warrant a thorough analysis of the serum mu- 
coid patterns from many more cases. Investigations are in progress where the same indi- 
viduals are being bled periodically and their patterns correlated with clinical observations. 
Pre- and post-operative patterns will be determined in certain diseases. If all these investi- 
gations substantiate the present results, a longitudinal study of a sample of a healthy popu- 
lation may reveal the early changes in the serum mucoid patterns and perhaps lead to a 
better understanding of the pathogenesis of some of these diseases. 

If these patterns turn out to be characteristic for various diseases, and if the abnormal 
fractions are found to be antigenic for humans, then it may be possible, by using sera of 
individuals and using the purified fractions as antigens, to develop specific serologic tests 
for various diseases during the acute stages, or perhaps even during the earlier stages. There 
are some reasons for thinking that such tests may fail. If this turns out to be so, it would be 
worthwhile to see if specific antisera against the various purified abnormal fractions charac- 
teristic for each disease could be prepared in animals. If this could be done, then, using con- 
ventional serologic techniques it would be of interest to see if such antisera, when mixed 
with the sera or concentrated serum mucoid fraction of an individual, would give a specific 
serologic test for the disease that the individual may have. 

We are indebted to staff members of the Johns Hopkins Hospital for the clinical diagnosis 
of a large number of patients. The senior author wishes to thank Dr. Helen Taussig, Dr. 
Robert Cooke, and especially Dr. E. Cowles Andrus, Dr. Benjamin Baker, Dr. Ernest 
Stebbins, Dr. Roger Herriott and Dr. Joseph Smadel for their encouragement during the 
study. 


MASCULINIZATION OF THE FEMALE FETUS ASSOCIATED WITH 
ADMINISTRATION OF ORAL AND INTRAMUSCULAR 
PROGESTINS DURING GESTATION 


LAwson WILKINS, HowarD W. Jones, JR., GERALD H. 
HOLMAN, AND Rosert S. STEMPFEL, JR. 


There are few reports of female pseudohermaphroditism not associated with congenital 


adrenal hyperplasia. The writers report 17 cases of females showing at birth partial masculin- 
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ization of the external genitalia consisting of an enlarged phallus, with or without varying 
degrees of fusion of the labioscrotal folds. The diagnosis was established by finding female 
chromatin patterns, low 17-ketosteroids and absence of progressive virilization. Exploratory 
laparotomy revealed normal ovaries and normal female genital tracts, although in some 
cases the vagina and urethra opened into a common urogenital sinus. In 12 of the cases, 
the mother had been treated because of threatened or habitual abortion with an oral pro- 
gestin, which was 17-ethinyltestosterone, marketed under such names as Pranone, Proges- 
terol, Lutocylol, Anhydrohydroxyprosterone or Ethisterone. In 2 cases the mother had re- 
ceived intramuscular injections of progesterone. In 3 cases no steroids were administered 
during pregnancy. The progestinic medication was usually begun before the 10th week of 
gestation and in most instances between the 4th and 6th weeks. The etiologic role of oral or 
intramuscular progestins in causing fetal masculinization and the possibility that the mothers 
of affected infants may metabolize these steroids abnormally are discussed. 

It is most important, at birth, to diagnose the condition correctly and to rear the infant as 
a female. No treatment is required except surgical correction of the external genitalia. Nor- 
mal female development is certain. 


AN IMMUNOHISTOLOGIC STUDY OF ANTIGEN-ANTIBODY REACTIONS 
IN THE AVASCULAR CORNEA OF THE RABBIT 


FREDERICK G. GERMUTH, JR., A. EpwARD MAUMENEE, A. D. POLLACK, 
L. B. SENTERFIT, J. PRATT-JOHNSON AND C. VAN ARNAM 


Two of the most important problems in experimental anaphylactic-type hypersensitivity 
are: 1.) The mechanism by which antigen-antibody complement complexes injure tissue: 
2.) the primary site of the tissue injury. 

The experimental data consisted of a series of numerous experiments divided into 2 groups: 
first, the effect of the intracorneal injection of antigen into the avascular cornea of actively 
and passively sensitized animals; secondly, the effect of the simultaneous intracorneal in- 
jection of antigen and antibody into 2 different sites in the same cornea of normal rabbits. 
Using fluorescein tagged antigen, it was demonstrated that lesions apparently associated with 
antigen-antibody fixation can occur in the clear cornea separated from limbal vessels in both 
actively and passively immunized animals. This reaction occurred as a dense line of pre- 
cipitation with marked inflammation concentric to the limbus when antigen was injected 
into the center of the cornea. A line of precipitation and delayed inflammation was demon 
strated in the central cornea duplicating the agar diffusion technique of Ouchterlony, when 
both antigen and antibody were injected intracorneally with an intervening space of normal 
cornea. 

It has been demonstrated that antigen-antibody interaction can produce immediate dam- 
age to the connective tissue stroma of the cornea without the direct participation of the 
vascular system. The present studies provide a useful tool for the investigation of the mecha- 


nism and site of damage of immediate type hypersensitivity. 
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Abdominal Operations by the Vaginal Route. By PAUL WERNER AND JULIUS SEDERL. 
Translated by L. M. Szamek. 165 pp., $9.00. J. B. Lippincott Co., Philadelphia, Pa. 

Doctor Richard W. TeLinde in his foreword to this instructive, if somewhat controversial 
atlas on vaginal operations, presents the general feeling of the American gynecologist to- 
ward the use of the vaginal approach to pelvic pathology. A number of procedures such 
as removal of tubal pregnancy or adnexal tumor per vaginum seem almost to represent 
surgical exercises rather than a logical and sound approach to the usual problem of this 
type. On the other hand, the complete disregard for many of the vaginal operations is to 
eliminate from one’s surgical armamentarium procedures which are well established as the 
safest and most efficient approaches to certain problems. 

In the introduction the authors present the many advantages of the vaginal route for 
abdominal operations. There is little question that in the very obese patient pelvic pathology 
can be approached technically more easily and with less trauma vaginally than abdominally. 
Furthermore, there is comparatively less abdominal distention post-operative following the 
vaginal procedures. There is, however, certainly a question as to whether ambulation is any 
earlier or safe discharge from the hospital any quicker following vaginal surgery. In general 
it is true that women agree to an operative procedure more quickly if there is no abdominal 
incision involved. This factor, of course, may have the unpleasant reverberation in that more 
unnecessary surgery may be performed under these circumstances. 

An important opening chapter describes instruments which facilitate vaginal surgery. 
Undoubtedly some of the aversion to these procedures has resulted from difficulties which 
could be, and frequently are, obviated by the knowledge and availability of certain instru- 
ments specifically designed for these procedures. In this country the use of the Heaney 
retractors, clamps and needle-holders has eliminated many of the annoying and harassing 
features of vaginal surgery. 

The procedures described in this text are most beautifully illustrated and leave no doubt 
as to the steps to be followed in each case. The vaginal hysterectomy is performed in similar 
fashion to the Heaney technique widely used in this country. The peritoneum is quite care- 
fully closed and the edges are approximated to the vaginal mucosa. Enucleation of fibroid 
tumor as an isolated procedure or to facilitate hysterectomy by reducing the size of the mass 
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is not uncommonly necessary and techniques are described adequately. Removal of the 
adnexa with the uterus is accomplished by the maneuver of bisection of the fundus and sub- 
sequent separate removal of each half, not dissimilar to the old ‘Kelly Bisection Operation” 
for pelvic clean-out, in cases of severe pelvic inflammatory disease. Extirpation of ovarian 
tumors and ectopic pregnancy, tubal sterilization, interposition procedure and fixation of 
round ligaments for suspension are well described. As TeLinde has noted previously, it is 
generally felt in this country that adnexal pathology is better attacked by the abdominal 
route because of the possibilities of malignancy and the frequency of adhesion formation in 
such conditions. 

It is interesting that the authors do not advocate the use of the vaginal approach in cases 
of known pelvic cancer unless possibly in the very early cervical malignancy in a markedly 
obese patient. To quote the authors “‘We consider the laparotomy to be far superior to the 
vaginal approach in cases of malignancy; it provides a better visualization of the affected 
organs and also permits a check on glands and their removal if necessary.’”’ With this opinion 
the reviewer is in hearty accord and it is probably the majority opinion in this country. 

\lthough the reviewer does not concur completely with the opinion of the authors as to 
the rather broad use of the vaginal approach to pelvic pathology, it is certainly true that in 
many localities these very useful, simple and adequate procedures have been neglected. 
Werner and Sederl’s text is recommended as a concise and beautifully illustrated atlas of 
many of the common and some of the more uncommon pelvic surgical procedures which 
can be performed per vaginum. 

J. DoNALD WoopruFF 


Practical Allergy. By M. Harris COLEMAN AND NORMAN SHURE. 471 pp., $7.50. F. A. Davis 
Co., Philadelphia, Pa. 

This book cannot be recommended. Although the authors indicate in their introduction 
that oversimplification is intentional, the degree of oversimplification does nothing to render 
clinical allergy more than empirical and didactic. If allergy, as a part of medical practice is 
to establish itself as something more than mysticism, greater attention must be paid in 
student training and guiding practitioners to the fundamental and scientific aspects of 
altered host responses. ‘‘Practical’”’ can have many meanings, including ‘‘opposed to theoreti- 
cal, ideal or speculative’’, or “‘capable of applying knowledge to some useful end’’. The latter 
definition is the one we should have in mind when we speak of “Practical Allergy”, but 
knowledge implies something more than empiricism or didacticism. 

The text is repetitious in many instances, and there are many ambiguities. For example, 
the authors state on page 37 that “there is no known alteration of the red blood cells that is 
produced as the direct result of clinical allergy”, while in the same paragraph it is stated 
that anemia ‘“‘may signify hemolytic anemia from drug sensitivity or some other form of 
allergy’’. The authors’ manner of expression leaves something to be desired; for example, 
“During an acute attack of asthma, the thorax rises and falls as if of one piece’’—it always 
does. A few important points the authors have failed to mention—nothing is said about the 
differentiation of localized and generalized wheezing in the chest; no mention is made of the 
fact that adrenal steroids do not interfere with wheal-and erythema skin reactions but may 
suppress delayed reactions on patch or bacterial testing. Although all variety of possible 
allergic disease is discussed, nothing is said about transfusion reactions due to mismatched 
blood attributed to isoagglutinins. Other examples of omission or misstatement of fact could 


be cited. 


LEIGHTON E. CLUFF 
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Drugs. Their Nature, Action and Use. By HARRY BECKMAN. 728 pp., $15.00. W. B. Saunders 
Co., Philadelphia, Pa. 

In his prefatory remarks, Dr. Beckman states that his book is intended “for the under- 
graduate student, who can devote but a fleeting moment in his career to prepare for the 
pharmacologic aspects of practice that lies ahead.’’ The opening chapter portrays the phar- 
macologist as a tinkerer who attempts to interfere with nature’s processes utilizing the 
techniques of the biochemist, physiologist, microbiologist, pathologist and anatomist. A 
second section outlines the nature of drugs—their sources, their fate in the body, their modes 
of action, and various factors influencing their administration. The remainder of the volume 
contains descriptions of the action and practical applications of specific drugs with each 
chapter devoted to a group of drugs which manifest a common major therapeutic effect. 
All this information is presented in a clear and personable manner. 

It is difficult for a reviewer to evaluate carefully the material contained in so ambitious 
a text and it must have been much more difficult for Dr. Beckman to compile, critically 
appraise and present the distillations from so vast a literature. The practitioner and, to some 
extent, the medical student is also confronted with the necessity of critically evaluating an 
extensive pharmacologic literature if he is to maintain maximum therapeutic efficiency and 
his dilemma is continually compounded by the constant therapeutic advances being made 
along a broad front. These latter considerations, I think, determine to a large extent the 
objectives and format of a textbook of pharmacology. 

The student, it seems, would benefit most from the development of a certain critique re- 
garding drugs with which he can temper the numerous therapeutic claims of the future. His 
pharmacologic instruction should be correlated closely with the material presented by the 
other preclinical disciplines. The actions of drugs would be interpreted best in light of the 
available basic scientific facts and suggested therapeutic regimens should be critically re- 
evaluated and compared and placed on as sound a pharmacologic basis as possible. Although 
Dr. Beckman’s latest book contains an extensive amount of clearly presented current ma- 
terial which is accompanied by an adequate bibliography, the reviewer feels that in general 
it succeeds in meeting the criteria of a desirable pharmacology text less well than does the 
somewhat older work of Goodman and Gilman or Drill. 

ALBERT H. Owens, Jr. 


Clinical Heart Disease, 5th edition. By SAMUEL A. LEVINE. 673 pp., $9.50. W. B. Saunders 
Co., Philadelphia, Pa. 

As in the case of previous editions, the title describes the book perfectly. This is not de- 
signed to be a reference book. Dr. Harold Levine and Dr. Alexander Nadas are responsible 
for the chapters on electrocardiography and congenital heart disease, respectively, and the 
remainder of the book is written by the author. The reader is reminded of the bedside teach- 
ing of an expert clinician with long and wide experience. Chapters are devoted to the major 
problems presented by patients with heart disease. The author relies on his own experience, 
and references to other cardiologists are infrequent. This makes for a much more readable 
book and avoids the cumbersome style so common in books designed to “‘review the litera- 
ture”. On the other hand, the reader must realize that he is often hearing only one side of 
the question. There is no bibliography and the coverage of rarer conditions is incomplete, 
but these factors are outweighed by the thorough and beautifully written treatment of the 
conditions with which the physician is commonly concerned. 


RICHARD S. Ross 
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The Relation of Psychiatry to Pharmacology. By ABRAHAM WIKLER. 322 pp., $4.00. Pub- 
lished for the American Society for Pharmacology and Experimental Therapeutics by 
the Williams & Wilkins Co., Baltimore, Md. 

Although recent interest in psychopharmacology dates back only a few years, there is 
already a tremendous amount of literature to be covered by anyone attempting to review 
this field. The literature is not only voluminous, it covers many disciplines: neurophysiology, 
pharmacology, psychology, psychiatry, toxicology, etc. To attempt to cover the area in 
even superficial form would be a tremendous challenge; Dr. Wikler has provided us with a 
superb and authoritative review of the field. Because of his broad interests and talents, he 
has been able to assess and summarize critically the information available from various fields, 
and has provided a fine source book which ought to be in every library and in every phar 
macology department. The book is also heartily recommended for those physicians and 
medical students particularly interested in psychopharmacology. The price is extremely 
reasonable, although one has the feeling that a book such as this will be put to such continual 
use that its soft cover may prove too fragile. Perhaps the publishers would consider putting 
out a hard cover version of this classic monograph. 

Louis LASAGNA 


Pathology, 3rd edition. By W. A. D. ANperson. 1402 pp., $16.00. The C. V. Mosby Co., 
St. Louis, Mo. 

The third edition of ‘“‘Pathology’”’ by W. A. D. Anderson and co-authors is identical in 
outline to its immediate predecessor. As such it will continue to function as an excellent 
text for the student and a reasonably complete general reference text for the practitioner. 
Those familiar with the work will not find major alterations but will note that new data have 
been appropriately inserted and the bibliographies brought up to date. It is unfortunate 
that the collagen-vascular diseases are not dealt with as a unit or that even one particular 
disease, such as disseminate lupus erythematosus, is discussed piecemeal. 

M. A. BALTZAN 


Laboratory Applications in Clinical Pediatrics. By Irvinc J. WoLMAN. 1019 pp., $15.00. 
McGraw-Hill Book Co., New York, N. Y. 

The two-volume masterpiece, Quantitative Clinical Chemistry by Peters and Van Slyke is 
frequently used as a model against which new books on the laboratory application of clinical 
problems are compared. The fact that this book does not measure up to such a comparison 
by no means diminishes its value as a reference for the practitioner for whom it was intended. 
When viewed in this light, it fills a definite need and demonstrates that a knowledge of 
physiologic variations with age is necessary for the proper interpretation of laboratory 
results. 

While the treatment is not exhaustive, it is sufficiently complete to satisfy the role as a 
practical reference. Should the reader desire to go further, a good selected bibliography is 
presented at the end of each section. 

Many interesting and important instances where age is a factor in the use of the laboratory 
are discussed by Dr. Wolman. Among those which will be of particular interest to the clini- 
cian are the quantitative and qualitative differences in hemoglobin during infancy, the 
general unreliability of liver function tests during this period, the importance of Hemophilus 
Influenza type b as a common pediatric pathogen which may require special care for its 
isolation, the low blood glucose level one may find in the newborn, and the physiologic 
hypogammaglobulinemia demonstrated by the three-month-old. 
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The techniques and interpretations of many of the more common'y done procedures are 
presented and add considerably to the understanding of the particular analysis. Among those 
which properly deserve emphasis are blood grouping methods, the Coombs test, the evalua- 
tion of various methods of hemoglobinometry, the technique of lumbar puncture and the 
subsequent meticulous work up of the spinal fluid, and the proper sites of bone marrow 
aspiration for a given age. 

The author’s occasional sortie in the therapeutic realm provokes several objections. The 
suggestion that ammoniacal dermatitis be treated with boric acid powder is unwise in the 
face of many reported cases of boron poisoning from just such therapy. Similarly, overhydra- 
tion and edema are not uncommonly the consequence of using the author’s figure of 135 ml. 
per kg. per day as maintenance intravenous fluid therapy. Strong exception can be taken to 
the statement that transmission of homologous serus hepatitis from single blood transfusions 
is insignificant. While an incidence of clinical hepatitis of 0.5 per cent is the usual figure 
given for single whole blood transfusions, it is becoming more evident that laboratory mani- 
festations of hepatitis are much more common. 

While these and many other exceptions can be taken to the treatment of some subjects, 
the book provides a readily available well-indexed practical reference for students, residents 
and the practitioner. 

SAUL WILLIAM BrusILow 


Biological Effects of Whole-Body Gamma Radiation of Human Beings. By Harotp 0 
Davipson. 101 pp., $3.00. The Johns Hopkins Press, Baltimore, Md. 

This book deals with the biological effects of fallout radiation from atomic explosions, and 
the influence of these effects on radiological defense planning. Gamma radiations are con- 
sidered the major type of radiation hazard created by fallout material on the ground. The 
importance of dose-rate patterns in determining the biological effects is stressed. The concept 
of net injury is considered with protracted exposure since for a given total dosage, the maxi- 
mum injury decreases as the period over which that dosage is received increases. With any 
exposure there is always some degree of irreparable injury. After considering these and other 
factors, specific recommendations are made regarding radiological defense planning. 

The title of the book is somewhat misleading since most of the data discussed fortunately 
were obtained on animals. Furthermore, approximately one-third of the book is devoted to 
an appendix containing detailed documentations of some of the conclusions. Although the 
general subject is very important, this presentation is of little general interest to physicians. 

DuDLEY P. JACKSON 


Introduction to Anesthesia. By Rospert D. Dripps, JAMes ECKENHOFF, AND LERoy D. 
VANDAM. 266 pp., $4.75. W. B. Saunders Co., Philadelphia, Pa. 

The training program at the University of Pennsylvania Hospital in anesthesiology was 
for many years unique in the fact that it had a most excellent guidebook for the trainee. This 
small volume was a wonderful source for the new resident in anesthesiology, who was feeling 
his way through the early insecurities of giving anesthesia. It is fortunate for the specialty 
of anesthesiology that these three authors have seen fit to compile their teaching and clinical 
experiences into a new book which is, in effect, an enlargement of the earlier guidebook for 
anesthesiology residents. 

It is the intention of the authors that this work should deal with the very practical prob- 
lems which the student in anesthesia faces from day to day. It is divided into four main 
classifications based on a surgical time sequence. The first is that of the preanesthetic period; 
the second, the day of anesthesia; the third, during operation; the fourth, the postoperative 


period. There is a fifth section which considers the more specialized aspects of anesthesiology. 
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These main topics have been divided into the important areas of anesthesiology directly con- 
cerned with the physiological and pharmacological homeostasis of a patient passing through 
a surgical intervention. The book deals specifically with the “chow to do it” aspects of anes- 
thesiology, but with a definite effort to reasonably explain the rationale of each and every 
procedure from the practical and theoretical standpoint. 

This book ought to be especially attractive to medical students because it is written in a 
clear and succinct fashion and so organized to make comfortable reading. It isa book that 
every anesthesiologist ought to have on his bookshelf because it represents a clear and con 
cise approach to the teaching of the specialty. 

DoNnALD W. BENSON 


Integrating the Approaches to Mental Disease. Edited by H. D. Kruse. 393 pp., $10.00. 
Paul B. Hoeber, New York, N. Y. 

Once upon a time, learned people got together in many conferences and discussed the 
numerous issues pertaining to the concerns of their fellow men. Their remarks were recorded 
and edited masterfully, and to this day we have a fascinating panorama of the thinking of 
those men; the compilation, interspersed with anecdotes and personal glimpses, is known as 
the Talmud. 

That was long long ago. A similar enterprise took place very recently under the auspices 
of the Committee on Public Health of the New York Academy of Medicine. Forty-eight 
experts got together in two conferences and talked about their common concern—mental 
illness. Their remarks were recorded, edited skillfully, and brought together in an extremely 
interesting book “‘for all . .. who seek a panoramic view of this area . . . who wish to observe 
specialists attempting to design a plan for uniting different divisions into a joint enter- 
prise...” 

The nature of these divisions is described on the first page of the Preface as provincialism, 
insular grouping, segmentation, fragmentation, separation, isolation, and narrow vista. 
In order to do something about this, the two conferences aimed to examine the thesis of each 
approach; to relate, organize, integrate, and unify what is known within each approach; 
to relate, etc., the various conceptual groups; to denote what is found to be untenable, 
overlapping, or unknown; to encourage research with joint application of methods, technics, 
and procedures from the various conceptual schools and specialties. These various schools 
are represented as holding an organic, experimental psychological, psychodynamic, or 
psychosocial position. 

No brief review can possibly render the flavor either of the Talmud or of the volume under 
discussion. The 31 chapters, starting with statements by exponents of each “approach,” 
report conversations about areas of interdoctrinal acceptance and unacceptance, “evidence” 
of interrelation among doctrines, searching for common ground, clarifications, refutations, 
validations, cross-criticism, hope for a multidisciplinary approach, search for new technics, 
etc. etc. 

Much wisdom is contained in many of the remarks, less than wisdom in some of them. 
There are anecdotes, personal glimpses, and bits of case illustrations which sometimes do 
and sometimes do not illustrate. There are samples of clear thinking and expression and a 
few of gross non-sequiturs. There are realistic pleas for the pooling of knowledge, with mutual 
respect for the other fellow’s sufficiently validated observations and the realization that a 
crazy-quilted blanket can be a warming and appealing unit. There are some naive (one 


participant calls them “‘foolish’’) expectations of ‘‘a transduction, so to speak, of one per- 
son’s thinking in the terms of the other person’s operations.” 
If memory serves me well, one Adolf Meyer has consistently advocated a pluralistic and 


relativistic “approach” to the study of man. His name occurs once in the entire proceedings 
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when one of the discussants refers to this advocacy as “a theoretical concept which can be 
enjoyed” but with which he “disagrees’”’ because, he says, “we can never study the total 
personality.” 

The editor is to be congratulated and admired for a superb job in no way inferior to that 
of Judah ha-Nassi, the compiler of the Talmud. He has achieved what he had set out to do: 
he has offered a panoramic view of the present status of psychiatry and of the serious struggle 
of contemporary scientists to make a unified piece of the pluridisciplinary crazy-quilt. 

LEO KANNER 


Statistical Methods in Research and Production with Special Reference to the Chemical 
Industry, 3rd edition. Edited by Owen L. Davies. 396 pp., 45/-net. Oliver and Boyd, 
Edinburgh, Scotland. 

This is a handbook on statistical methods published for the Imperial Chemical Industries, 
Inc., in order to give wider publicity to statistical methods within the company. It is written 
by a team of chemists, statisticians, engineers and physicists who were allowed to draw freely 
on information in the company’s possession so that the examples would represent genuine 
problems which had been met in practice. 

The first edition of the book appeared in 1947, followed by the second in 1949. The third 
edition, published in 1957, is both revised and enlarged. The chapters on Frequency Dis- 
tributions, Means and Measures of Dispersion, Contingency Tables and Control Charts 
are essentially the same as in earlier editions, but the chapters on Confidence Limits and 
Tests of Significance, Choosing the Number of Observations, Analysis of Variance, Linear 
Relationships Between Two Variables, Multiple and Curvilinear Regression and Sampling 
and Specifications are all new. 

The book has several novel features that distinguish it from other texts and that make it 
of special interest to those engaged in research. On the assumption that research workers are 
more interested in chance allowances for differences than in tests of specific hypotheses, the 
authors have emphasized confidence limits and restricted their discussion of significance 
tests. This is particularly prominent in their discussion of analysis of variance. To them 
“analysis of variance”’ is primarily analysis of components of variance. For the problems to 
which analysis of variance is usually applied, they offer techniques for comparing individual 
pairs of means. In this connection, the book presents some of the recent work of J. W. Tukey 
on multiple comparisons. In their analysis of components of variance the authors give a 
relatively simple and practical method for determining confidence limits for the ratio of two 
components of variance. The authors also carefully discuss the difference between regression 
and functional relationships, which should be of special interest to research workers. 

On the whole this is an excellent book written by a team that knows statistical theory and 
has had experience in applying it. With the sequel, Design and Analysis of Industrial Experi- 
ments (Oliver and Boyd, 1954), it is an exceptionally useful reference work for all those who 
want sound statistical techniques for finding answers to the simpler research problems. 
The book is well written, but it is on occasion somewhat concise and for this reason it might 
be well for those entirely unfamiliar with statistical concepts to supplement its use by reading 
a more elementary and less meaty text. In general, however, the reviewer can recommend 
the book heartily. 


ACHESON J. DUNCAN 


Proceedings of the Third National Cancer Conference, Detroit, Michigan, June 1956. 
Sponsored by American Cancer Society and National Cancer Institute, U. S. Public 
Health Service. 961 pp., $9.00. J. B. Lippincott Co., Philadelphia, Pa. 
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This volume, containing 961 pages, contains the total of all the papers presented at the 
Third National Cancer Conference held in Detroit, Michigan, June 4th through June 6th 
1956. The same format was followed for this conference that was followed at the preceding 
two conferences. 

The program of the Third Cancer Conference notably evaluated the clinical, basic and 
applied research in relation to cancer. The papers and discussions covered varied fields of 
interest on basic biology, physiology, pathology, metabolism, pathogenesis, epidemiology, 
psychology, endocrinology, chemotherapy and virology as it relates to cancer, all discussed 
by eminent American and foreign authorities. The book is divided into two parts. The first, 
dealing with general lectures covering the following: Epidemiology as a Tool in Cancer 
Research. Radiation Neoplasia. The Virus Etiology of Cancer. Chemical Effects of Growing 
Tumors on the Host. Factors Influencing the Curability of Cancer. The Measurement of 
Morbidity. 

The remaining part covers ten separate symposia, and panel discussions of cancer of 
various sections of the body. The reader may not agree with the conclusions of some of the 
authorities or in the presentation of some of their material, but it is immediately evident 
that this conference brings up to date what is being done in the overall field of cancer study, 
and therapy. Of particular interest to the clinician, are the chapters relating to the surgical 
and etiological treatment of various malignancies. At the end of the volume there are repro- 
duced forty tables of end results that should be required reading and study for anyone inter- 
ested in evaluating the status of his own patients. 

This book is a very valuable adjunct to anyone’s library and a required review volume for 
any physician or surgeon interested in the field of cancer. 

RoBert G. CHAMBERS 
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none of its disadvantages. e No enlargement of hole. 

e Greater precision of needle control. e Better pickup. 

e Less bending — or none. e Unsurpassed finish. 
crite 
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ERBECAE 


the name in needles 


Real leadership in any product results always from high quality consistently 
maintained. 


Berbecker Surgeons’ Needles, products of an English needle-making art 
that transcends generations, have always met the highest standards of 
dependability with an ample margin of excellence. The name “Berbecker”’ 
in needles means good functional design, uniform resiliency and long 


service life. 
Sold Only By Dealers 


BERBECKER SURGEONS NEEDLES 


Made in England for the Surgeons and Hospitals of America 


JULIUS BERBECKER & SONS, INC., 15G East 26th ST., NEW YORK 10 





for the peak of analgesic efficiency 


DILAUDID 


brand of DIHYDROMORPHINONE 






Dosage Forms of Dilaudid hydrochloride: 

Ampules: Icc., 2 mg. and 3 mg. each. 

Hypodermic Tablets: 2, 3 and 4 mg. each. 

Oral Tablets: 2.7 mg. each. 

Multiple Dose Vial: 10 cc., 2 mg. Dilaudid sulfate per cc. 


*Subject to Federal narcotic regulations 
Dilaudid®, E. Bilhuber, Inc. 


KNOLL PHARMACEUTICAL COMPANY $:5:4225.2 


(In writing advertisers, piease mention the Bulletin.) 
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GUDEBROD NON-ABSORBABLE SUTURES 


since 1870 





y 
with complete packaging 
rt 
f ; non- 
a” with all sutures 
‘ absorbable 
< ES @ Surgeons used Gudebrod silk as suturing material back 
erica in 1870. 
@ In 1899 Gudebrod made the first silk sutures especially 
for surgical use. 
eietnatel 


@ Gudebrod then applied their years of experience to cotton 
and in 1940 brought out the first cotton sutures. 


@ For positive identification by color, Gudebrod produced 
in 1953 the first Aolgos@oohc ” cotton sutures. 

@ A year later, in 1954, Gudebrod advanced by making the 
first GcoAghsftcic "silk sutures. 

@ In 1956 came the Cerethermic* finish ...a new standard 
in strength, smoothness and ease of handling. 


@ And in 1957, the first all-dry Mintraumatic® suture was 
introduced. 


“TM 


WHETHER IT’S SILK, COTTON OR NYLON, WHATEVER SUTURE FIBER YOU PREFER, IN WHAT- 
EVER PACKAGING BEST SUITS YOUR NEEDS, GUDEBROD HAS IT... CHAMPION... TOP QUALITY. 


Gude bro - i SILK CO., INC. 


Surgical Division: 225 West 34th St., New York 1, N. Y. 
Executive Offices: 12 South 12th St., Phila. 7, Pa. 
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QUALITY / RESEARCH / INTEGRITY 


DARVON 


LIFTS THE BURDEN 


Ot 







The non-narcotic analgesic with the potency of codeine 


DARVON (Dextro Propoxyphene 
Hydrochloride, Lilly) is equally as 
potent as codeine yet is much better 
tolerated. Side-effects, such as nau- 
sea or constipation, are minimal. 
You will find ‘Darvon’ helpful in 
any condition associated with pain. 
The usual adult dose is 32 mg. 
every four hours or 65 mg. every 
six hours as needed. Available in 
32 and 65-mg. pulvules. 


DARVON COMPOUND (Dextro 
Propoxyphene and Acetylsalicylic 
Acid Compound, Lilly) combines the 
antipyretic and anti-inflammatory 
benefits of ‘A.S.A. Compound’* with 
the analgesic properties of ‘Darvon.’ 
Thus, it is useful in relieving pain as- 
sociated with recurrent or chronic dis- 
ease, such as neuralgia, neuritis, or 
arthritis, as well as acute pain of trau- 
matic origin. The usual adult dose is 
1 or 2 pulvules every six hours as 


needed. 


Each Pulvule ‘Darvon Compound’ provides: 


‘Darvon’ aoe 32 mg. 
ee ee eee ee 162 mg. 
‘A.S.A.” (Acetylsalicylic Acid, Lilly). . . . . . 227 mg. 
Caffeine a Gee OY A Se 32.4 mg. 


**A.S.A. Compound’ (Acetylsalicylic Acid and Acetophenetidin Compound, Lilly) 


ELI LILLY AND COMPANY - 


INDIANAPOLIS 6, INDIANA, 
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IBLETS LiQUID 


| A | ui e ; Non-Constipating 
Acid 
] { f H Grontide ana ] riba lé V at Lt 


Timmogueae Neutralizer 


UNUI 


Unexcelled in... 


PEPTIC ULCER AND GASTRIC HYPERACIDITY 


also EFFECTIVELY REDUCES... 


gastric 


UUSTTECSS 


in Steroid Therapy! 





THE RALPH WINTON COMPANY 
Pharmaceutical Chemists — sactimore 2, MARYLAND 


(In writing advertisers, please mention the Bulletin.) 
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Thirst. too, 
seeks quality 





BIOLOGICAL EFFECTS OF WHOLE-BOD) 
GAMMA RADIATION ON HUMAN BEINGS 


by Harold O. Davidson, Jr. 


The new science of operations research is used in this book to bridge the gap 
between what is currently known in biological science about radiation effects, snd 
What must currently be planned or done, from a practical point of view, to deal 
with possible fallout hazard. Resulting from a study made under the auspices of 
the Operations Research Office of The Johns Hopkins University, the book sur- 
veys eXisting research evidence and proposes a quantitative method ol predicting 
how the early effects of fallout irradiation would be modified in humans by re- 
covery processes. The results are organized and presented in such a form as to be 


directly applicable to both civil and military defense problems. 
112 pages \ppendices; Figures; Tables $4.50 
THE JOHNS HOPKINS PRESS 
Baltimore 18, Maryland 
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FOR Ss 
THE ELDERLY 4 
PATIENT 3 


Phovides dependable , 
without siguificait: moital impairment. 


Qrdative dose lm grain to 11% grains 


three or four times daily. 


Bomar Se} wr jae ’ 
1 . Brown, W.T., 
| JA: Je LABORATORIES 
2 une, 1953. Smith, J.A.: NEW YORK 18M ¥ 
‘ostgrad. Med. 16:316, Oct., 1964. 
W.HL: J. Florida 
M.A. 41:718, Mar., 1965. 





infant feeding in the hospital 





your selection is easy... 





sf 


The Mead Johnson Formula Products 
Family offers you a formulation and 
form for each infant feeding need 


for house and discharge formulas 

+ carbohydrate modifier - liquid formulas 
* powdered formulas - all with simple basic 
dilutions + easy to mix, easy to autoclave 


To help save you time in nursery, formula room 
and obstetric department, Mead Johnson 
printed services include Nursery Record Book, 
Formula Room Handbook, instructions for 
mothers and other materials. Ask your Mead 
Johnson Representative, or write to us, Evans- 
ville 21, Indiana. 


\ Mead Johnson 


Symbol of service in medicine 


Fes7? 


milk-formula feedings _— ‘\ 


a 


-~ Lactum? 


“Inatant™ Powder] Liquid 
the classic milk and carbohydrate 
formula in ready- 
prepared form 


* 















protein-generous feedings 


“Instant” Powder/ Liquid 
ready-prepared formula with 
generous protein 







flexible feedings 


-~ Dextri-Maltose° 


the professional carbohydrate 
modifier 



















milk-sensitive infants 


Sobee® 


“Instant” Powder| Liquid 
hypoallergenic soya 
formula 





protein-sensitive infants 


s ® 
Nutramigen \ 
Powder H 
ready-prepared formula j 

containing protein in 


hydrolyzed form / 


in digestive disorders 


Probana® 


Powder 
ready-prepared formula for use 
in non-specific digestive / 
disorders 


5784 
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